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0 Methods and substances for recruiting therapeutic agents to solid Issues comprising two single 
chain VH-VL bffunctlonal binding molecules. 



0 Disclosed is a composition for enhancing deliv- 
ery of a therapeutic agent to a soid tissue site, 
comprising: two single chain Vk-Vl Afunctional bind- 
ing molecules which are Joined together, having one 
specificity for a soOd tfsem antigen and the other for 
the therapeutic agent a remover subetance which 
binds circulating binding molecule; a therapeutic 
agent The therapeutic agent ie a dmin is tered sepa- 
rately from the bindng molecules and following the 
administration of a remoter substance which aide in 
cloving free bindng molecules in the circulation. In 
the preferred mode of tie Invention, the binding 
molecules have one apodttty tor antigens at the 
target site and one for the thenpeudc agent The 
binomg molecules are edmln e-r e d and aiowed time 
to approach a maximum conceneaden in the ex* 
trsvascutar space. A remover substance, preferably 
a liposome conjugated with anUbcdee which are 
reactive with sn anogertc epitope on the binding 
moiecutce. Is then sdmlnJrtarod to remove excees 
binomg molecuiee from the circulation and the ex- 
travascuier space. A Otorapeutfc agent, protarabty e 
cytotoxic drug such ae rfdn A chain modMed so as 
to enable it to enter the target eels once covered to 
the target site* is then i 
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Field of the invention 

The invention relates to a composition for en- 
hancing delivery of a therapeutic agent to a solid 
tissue site, comprising: two single chain Vm-V u 
Afunctional binding molecules which are joined to- 
gether, having one specificity for a solid tissue 
antigen and the other for the therapeutic agent a 
remover substance which binds circulating binding 
molecule; a therapeutic agent 

When the composition of the invention includ- 
ing two-domain binding molecules is used to re- 
cruit a therapeutic agent to a solid tissue site, the 
Afunctional binding molecules are administered 
first, and once the binding molecules reach maxi- 
mum concentration in the extravascuiar space, a 
remover substance is administered to aid in clear- 
ing the binding molecules in the blood circulation 
and extravascuiar space, and thereafter, the there*, 
peutic agent is administered. 

Background of the Invention 

Much research and experimentation has been 
done on how to deliver therapeutic and imaging 
agents to solid tissue sites In vivo. Such site- 
specific delivery has often been attempted with 
monoclonal antibodies CmAbe*) conjugated with 
the therapeutic or imaging agents. These im- 
munoconjugaies are often catted "magic bullets*, 
because of their ability to specifically target dis- 
eased or tumorous sites In viva 

Immunotoxins, which are Immunoconjugates in 
which mAbs are conjugated with toxic substances, 
such as plant or bacterial-derived toxins including 
pseudctnon** exotoxin, rtbc*omaHrujctiveting pro- 
teins, ricin. geionin, and p ol c owood antiviral peptide, 
have also been o xter wi vory studied Additionally. 
mAbe conjugated with metai-chetating agents, 
where the metal chelating agents can carry radio- 
active isotopes, he*e been used tar both treating 
and imaging tumors, 

lmmuriocor*jge*BS» and particularly inv 
munotoxina, heva> been a cti ve l y Investigated for 
treatment of tumors botft In aold tissue and in 
other areas. CSnieal triaJe of I m n w otori no tar re- 
moving tumors or decreasing tumor toede have 
been conducted. Such taste have often been with 
immunotoxine where the mAb is corrugated with 
the A chain of ridn or a r a dtoective isotope, Im- 
munotoxins have also been studied in animal 
models tar eliminating matignent cetie In lumora 
transplanted irito the animate. 

These studies incftcate that hiwr aj notori ne are 
more effective in treeting teukwrUa or tymphorna 
than solid tumors. One plausible explanation tor 
this difference in efficacy la tttat maign ant cetie In 
blood or lymphoid tieeuee ere more accmiMs 



than thoee in solid tumors. Thua, many malignant 
ceiia in a solid tumor come in contact only with 
ineufficient amounts of toxin to kiH them. In addi- 
tion, even where the toxin fca in contact with the 
s target ceils, only a veay small traction win actuary 
enter the ceil and thus* not aM cells in s solid tumor 
will be Killed. k 

It is posaible, of lourse, to increase the total 
amount of immunotaoari administered, in order to 
io increase that which is in the vicinity of malignant 
ceils and available to Ida the ceils. However, be- 
cause of the conjugation with the antibody mol- 
ecules, much of the immunotoxin is also absorbed 
and taken up by the reticuioendotheOai ceils of the 
is body. The toxin will damage or destroy these celts. 
Specifically, a large proportion of immunotoxin 
ends up in the phagocytic ceils in the liver, where, 
because of its toxicity, it can damage the liver and 
its function. Thus, the total amount of toxin which 
30 can be administered is severiy limited. 

An illustration of the problems encountered 
with immunotoodnc is seen, in a typical clinical trial. 
See Parker, SA et ai. Therapeutic Monoclonal 
Antibodiee' Ed. by Borrebaeck. CA and Larrtek, 
n J.W.pp. 127-141 {Stockton Press, New York 1990). 
.Patients with B cei tymphome were treated with 
antHdiotype antibodiee coupled with the radioac- 
tive isotype "Yttrium. This therapy proved so toxic 
that the immunoconjugate had to be administered 
M with excess cold, unlabeled antHdiotype anti- 
bodiee. However, the excess cold antHdiotypee 
competed with me l a beled Immu n ocon j ugates for 
binding to the tumoj as so c i at ed antigen, and there- 
by inhibited the baring of the inwnunoconjugates 
jo to the tumor ceti targets. 

Similar drawback* reeuK where an irnrnunocon- 
jugate which indudee a mAb and a radioactive 
isotype ie used tar tumor Imaging. The im- 
rnunoconlugate tends to be bound and taken up in 
40 phagocytic cess In the Ker, spleen, and blood 
circulation, beceuee tiie antibody portion of the 
imiTHjnocoraugate la abeorbed by time cells. This 
increase* the background *noiee a and interferee 
with tumor Imaging, and It can atoo cause toxic 
4s leveteof radtoextivlty te ati of «te« organs. 

Several groupe have tried to sofva the major 
problem which reeuite when using mAbe coupled 
with imaging agar*, tax. tite Imaging agent la 
abeorbed to Wvo and cteered together wa* the 
so antibody. Cate gr^ auggsetsd titat Instead of cou- 
pling the mAbe and «* imaging agents, a 
biipeckV antibody. wMch ie not ooupled to an 
imaging agent should be titlw ^ 

ss tumor being targeted and tie other % 
chelate conjugated to a paptidfc /P» ttapectite 
an tffrorty tfetrtbutee between tite aanor and the 
circulation, and at a point whan them at e high 
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tufTW-to-toackoround ratio, a labeled chelate is ad- 
ministered. The chelate which is not absorbed by 
the antibody is rapidly excreted by the kidneys, 
due to its relatively small size. This results in low 
background noise. See Monoclonal Antibodies in s 
Imm unosdntigraphy Ed. by ChataJ, J.-f pp. 70-71 
(CRC fress, 6oca ftaton Fa. 1989). 

Another group discussed administering an anti- 
body which slowly diffuses to the target tumor, and 
then clearing the excess circulating antibody. The 10 
clearance is done with an antigen covaientty bound 
to a slowly diffusable serum protein (human trans- 
ferrin). Thereafter, the imaging tracer is admin- 
istered as an epitopicairy derivafced bifunctional 
chelate which is small and rapidly diffusable. and js 
quickly cleared. Again, this is designed to help 
reduce background radiation and improve imaging. 
See Goodwin, OX et al M J, Nuc. Wed. 29:228-34- 
(1988). A related paper suggested using Afunc- 
tional antibodies such as two Fab' fragments coup- w 
led at the SH groups, where one specificity is for 
the chelate and the other is for the tumor site 
antigen. See Goodwin, OA. J. Afoc. Wed. 28:1358- 
62(1987). 

Another related paper suggested injecting anti- 2s 
body and labeled protein (transferrin) followed by 
injection of anti-human igG antibody and anti-trans- 
ferrin antibody. The second antibody injection 
helps to dear excess labeled transferrin and re- 
duce the background noise. See Goodwin. DA et » 
ai., J. Nuc. Med. 9409-21 5(1 984). 

None of these articles discuss how to clear 
both the blood vessels and the extravascuiar 
space of binding molecules prior to administering 
the imaging agents, while retaining, attached to the as 
target tissue, aa much aa possible of the binding 
molecules. When administering toxins or therapeu- 
tic agents, it is even more important to dear bind- 
ing molecules from the exfravaecUar space (as 
well aa from the blood iisisl s ) so that excess toxin «o 
is not bound by the bindng rnotocuioo m me ex- 
travascuiar space and doee not cause damage. 
Thus, if btspecHte faMno motecuftee with one 
specificity tor toe target stte and one tor the 
toxuVtherapeutto agent are a d m ini st ere d initially. « 
those motocutoe which bind to the target site must 
be retained as much aa possible, and thoee mol- 
eculee which are unbound and In the circulation or 
extravascuiar space should be removed. It Is also 
important that the removal should be eccomplshed so 
quickly enough so that the bindtog molecule ie not 
reieeeed from the target sMa before the 
toxin/toerapeuttc agent la aJ riO nisto red. 

A number of factors must be considered in 
designing an effective method of treating «*dj"» « 
mors using tiss u e specific recruiting by a btodtog 
molecule of a therapeutic 
dude: 



1) the pharmokinetlc properties of the binding 
molecules, therapeutic agents, and other sub- 
stances used in the method; 

2) the clearance routes (reticuJoendothefial sys- 
tem versus kidney) of the binding m ole cu les, 
therapeutic agents and other s ub st ances; 

3) the diffusion rates of the binding molecules 
and therapeutic agents in and out from the cap- 
illaries; 

4) the binding rnotecuiea must not be sn- 
docytoeed by the coils; 

5) the on/off tlmee of the binding molecules on 
the target ceils; 

6) the affinity of the binding molecules for the 
therapeutic agents, and the efficiency with which 
they can recruit the therapeutic agente to the 
target site; 

7) the therapeutic cytotoxins such as ridn A 
chain, pokeweed antiviral peptide, must enter 
the target celts to render effects, whereas some 
other therapeutic substances (and imaging 
agents) need not enter the target ceila to be 



8) the immunogenidty and antigenicity of the 
binding molecules and the therapeutic agents. 

These factors make designing an effective method 

very complex. 

Summary of the Invention 

The invention provides a composition for en- 
hancing detvery of a therapeutic agent to a solid 
tissue site, comprising: two single chain V„-V t 
bHunctionel bindtog rnotocuiee which are joined to- 
gether, hawing one apecffidty tor a sold tissue 
antigen and the other tor toe therapeutic agent; a 
remover substance which binds circulating binding 
molecule; a therapeutic agent 

The Wunctional »«*toriw^ 
of the invention sre effective tor recruiting s thera- 
peutic agent to a soM tissue target site, aa the 
binolng rmxecutoe have one spedtetty tor the tar- 
get srto and tr» <^ ipedadryk^ 
agent The toerapeutic agent la administered sepe- 
rtsr administering toe binding molecules 

The remover le pretsrabry a ftpoaome which ia 



The 



end la rapid* removed by toe 
in to 



cutotfon. ft Mnde to btodtoq motocuies which sre 
the cfrcutation, which thereby F s UH atss toe 
deartog of the uktotng i 
lar 

ilnl 



from the ckeuia 
la a concentration 
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The remover should be administered as soon 
as possible after the binding moiecuies reach a 
maximum concentration in the vascular space. 
When administered at- such time, substantial 
amounts of binding molecule have not yet been s 
released from the target tissue site. 

The remover is preferably administered at least 
twice, and the subsequent administrations of the 
remover are at a time after the binding molecules 
in the circulation and extravascular space have to 
reached equilibrium. The administration of remover 
effectively clears the majority of the binding mol- 
ecule in both the extravascular space and in the 
circulation, and wilt therefore further increase the 
ratio of binding molecules in the target site over 1$ 
binding molecules in the circulation and extravas- 
cular space. 

The therapeutic agent should be administered ' 
after the last administration of the remover, and 
after the remover has had enough time to clear » 
from the • circulation. But the therapeutic agent 
should be administered £efore substantial amounts 
of binding molecules are released from the target 
site, so that as much of the therapeutic agent as 
possible will be bound at the target tissue site by » 
the binding molecules. 

The bifunctionai two-domain binding molecules 
are preferably two V H -V t single-chain binding mol- 
ecules which are joined together. They can be 
joined with a linking peptide, as described in Inter- so 
national Application No. WO8S/00344. See, «.£. 
Rg. 2D. It is possible to design the remover to 
include antiidiotype antibodies which recognize 
one or more of the binding sites of the binding 
molecules, m a preferred ernboolment however, en » 
antibody conjugated to the remover recognizes an 
antigenic structure a ss o ciat ed with the Joining re- 
gion between the two Vh-v\. singkt-chein binding 
molecules, or the antibody recognizes ths Inking 
peptide itself. Alternatively, the peptide Joining the «o 
two Vh-Vi single<hain bindtog molecules may be 
glycosylated, and may have e rwgfycoeytaied 
peptide or haplen attached hereto. The non- 
glycosylsted peptide le specMcaty recognized by 
the antibodies ttrr 1 — * with the remover. « 

It is also preferred, lor Ihoee tfwrapeutic agents 
which must enter the cei in order to be effective, 
that they be inked to a peptide blocker which 
prevents the therapeutic agent from entering a cel. 
The blocker is preferably bound by the blnolng so 
molecules 

The preferred means tor Inking such therapeu- 
tic agents with a blocker ie with s hydrophobic 
lipophilic peptide Inker, such as thai described In 
international Application No. PCX/U88e*W». «■ 
There should also be a cleavage sne between the 
blocker end the therapeutic agent so thaHhebtoc- 
ker can be desvod and attow the therapeutic agent 



to enter the cell. 

The imnwoconiugais of the therapeutic agent, 
the Inker and the blocker should be srtwjti to mini- 
mize the phagocytoele by reticuloendothelial sys- 
tem r*E$*) cess. Preferbry. during the time the 
blocker Is bound at the target site by the binding 
moiecuies, the blocker wil be cleaved and re- 
leased. The hydrophobic UpohilHc linker will tend 
to blend with the cei membrane, and thereby en- 
hance the entry of the therapeutic agent into the 
cel. 

The invention wiN now be described in further 
detail with reference to the drawings. 

Brief Description of the Drawings 

Rg. 1, which plots binding molecule concentra- 
tion in the circulation against time, shows the kinet- 
ics of binding molecule concentration in me circula- 
tion and the extravascular space, after intravenous 
administration. 

Rg. 2 shows the kinetics of binding molecule 
concentration at the tumor site and in the circula- 
tion, after intnmnouV administration. 

Rg. 3 la a schematic repre sen t ati on of a blood 
vessel sorrounded by an extrsvsacular space which 
is in turn contacted by solid tissue. The solid tissue 
has a tumor thereon, as indicated. The liver is 
shown scheflurtcatfy as flutdty linked with the 
Wood. Binding moiecuies (the solid dots inside the 
blood vessel) have been administered. . J 

Rg. 4 ie the same shematic representation as 
in Rg. 3, but at a later time when the binding 
moieculee have reached a maximum concentration 
In the extravascuter space. 

Rg. 5 is the same shematic repre s en tati o n as 
in Rg. 4, but after aUu ki ieliati on of remover sub- 

Rg. 6 It the) same thematic lo pr eao nttti o n as 
in Rg. S, but et a tetar time after much of the 
binding moieculee have cleared from the circula- 
tion. 

Rg. 7 te a schematic repreeentation of a bifon- 
ctioneJ two-domein bindtog molecule, suitable tor 
use wtitt the invention. 

Rg. 8 shows the bMunctioneJ two^domain bind- 
ing molecule of Rg. 6 wkh an antigenic peptide 
attached to the glycosylated chain on the Wter. 

Rg. 9 Ie a schematic le y isati ta tfon of one 
preferred torm of the therapeutic^^ 

transKxssjBon egsra s? • wwmiai, 

ki tm pratomtf mo* * to kmrtton. »«•» 
toe*. tfres dMImnt mMmcm tn imraduoad In 
Mt phHM. fin*. UtoidlaMl twfrHonwm ttn** 
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molecules, with one specificity lor antigens ft the 
target sita and one specificity for an antigenic site 
on the therapeutic agent are administered and 
allowed time to bind to, the target site and to reach 
a maximum concentration in the extravascular 
space. The conce n tr at ions of the binding molecules 
in the extravascular space can be monitored by 
assaying the binding molecules in fluid samples 
drawn from the peritoneal cavity. Once the binding 
molecules reach maximum concentration in the ex- 
travascular space, a remover substance, preferably 
a liposome conjugated with antibodies, is admin- 
istered to remove excess binding molecules from 
the circulation. This crestBt a difference in binding 
molecule concentration across the blood vessel 
wall. The binding molecules in the extravascular 
space will tend to diffuse into the blood vessels, 
where they will also be bound by the remover 
substance. 

The remover is preferably re-introduced sev- 
eral times, each introduction being immediately 
after the binding molecules reach equilibrium 
across the blood vessel wall. Each introduction of 
remover depletes the binding molecules in the 
blood vessel, because once the binding molecules 
are bound by the remover they are more' easily 
and rapidly cleared by the RES. The lowered con- 
centration of binding molecules in the blood ves- 
sels causes diffusion of the binding molecules from 
the extravascular space into the Mood vessels, 
resulting in a continuous decrease in the con- 
centration of binding molecules in the blood vessel 
and the extravascular space. Because the binding 
molecules are not conjugated with the therapeutic 
cytotoxin the uptake and removal of the binding 
molecules by RES does not poison the cells. 

A therapeutic agent is then administered, pref- 
erably immediately after the teat adm tts a a tfon of 
remover and before any si gnifi ca n t amount of the 
binding molecules are released from the target site. 
The therapeutic agent to bound at the target site by 
the binding motecutes. which have one specificity 
for an antigenic site sssoclatol wftfi the therapeutic 
agent. 

it is preferred if the entire procedure is com* 
pleted in eight hours or tees. This is a short enough 
time to prevent substantial amounts of binding mol- 
ecules from releasing from the target site before 
me inoTapsuQC agent is avvnainsawea* 

in conventional ImrnunotOKln therapy* the im- 
munotoxin conjugate made up of the antibody and 
the toxin must be ondocytoood by the target cefi to 
kill the cel. One important dMarence of the pr ese nt 
invention Is that the bHunctionat two^omain bincV 
ing motecutee of the present invention must not be 
endocytosed by the target cofts. £ the blndteg 

^ m ,| a a, * - — sAV^t Idb^A^^B^fe^t* ^uhk AjutjUhuS4^B^4 stilus** 

molecules of me sivenoon an erxjocymjeso, may 
win not be available to bind the therapeutic agent 



when It Is administered 

The brfurrtonei twoKtomein binding motecutee 
avoid endocytosis by the target cells because they 
have only one valency tor the torrwr-aeaociated 
s antigen, and thus should not induce cross linking of 
the antigen. Crose-tinfcJng generally win induce on- 

The advantages of the invention include that 
fact that it maximizee the amount of binding mol- 
io scute which Is at the target site at the time the 
therapeutic agent is administered, and thereby 
maximizes the amount of therapeutic agent which 
reaches the target site. This is achieved through 
use of small brtunctioneJ hvo-domain binding mol- 
ts ecules and proper timing of the administration of 
the remover and the therapeutic agent 

The small brfunctionai twonjomein binding mol- 
ecules diffuse relatively quickly through the capil- 
lary walls, so that administering the remover erfec- 
X tiveiy clears both the circulation and the extravas- 
cular space of excess binding molecules before 
significant amounts of the binding molecules can 
be rsla aa ed from the target site. This results in less 
toxicity to the reticu l oe n d ot heli a l ceils and other 
29 ceila in the circulation, and less toxicity to the 
phagocytic ceils in the aver, because the therapeu- 
tic agent is bound at the target site and does not 
circulate or get a bsorbed In undasired locations. 
The preferred binding molecules have the fol- 

1) They have a very high affinity for the target- 
site surface antigen, with a Ka above 1 x 10* 
mote* 1 ; 

2) They have a very high affinity tor the theca- 
ls peutic agent with a Ka above 1 x 10* mete' 1 ; 

3) They have relatively fast kinetic properties, 
/a. thev rssrh eouilhrktfn hstwaan the blood 
vessel and the exfravsscUar space relatively 
quickly (time YW In Rgs, 1 and 2 is rate- 

40 ttvejy short), 

4) Thev are not aixarectebiv endoevtoeed by the 
target eels* alter they bind to tie target cetts' 

The profaned Afunctional twoKtomain bincJng mot* 
46 scutes tor use wall the invention are two V*rV t 
single chain bindtog motecutee Joined to g ether, as 
described In kwa ma tta ne J Apcticetion No. 
W086OB44. and as echenuticaiy shown in Fkj. 
7. For binder rnoteoute 30 of Rg. 7. a Inker 32 
so Joins the one VwV t s tn^e<hejn btodng domain 34 
to the ether V*. V\ stegtecMn binning domain 36. 

Slngto<hs») ten** mofecutee (ae tfs* 
tfnet from tiie two stngte chain banting motecutee 
* of the Invention) contest of the Fv portion of an 
as antibody sght and heavy chste Inked together, 
typicafy wtih a short peptide chain. See U A Pat- 
ent No. 4*46,77* in the Invention, wtift two atogto- 
chate VVV t banting in u te c ities Joined together, one 
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of the sirigle<haJn binolng rnoloculea It specific for 
a target site antigen, and the other it specific for an 
antigenic site attodated with the therapeutic agent 

Two 3ingfe-cna*t Vh-V l binding molecules 
joined together are preferred with the invention 
because: they are cleared from the circulation 
more quickly than larger bispecific antibodies or 
other larger fragments; they are email enough to 
readily pass across the capillary waile, which allow* 
them to reach equilibrium quickly after administra- 
tion of the remover substance and before appre- 
c able amounts can release from the target site, 
Each time they reach equilibrium more remover ia 
administered, and the removal of any unbound 
binding molecules from the circulation and extra* 
vascuiar space is thereby enhanced. 

The linker which joint the two V M -V L binding 
molecules should not be an a -helix or 4-sheet 
peptide. These peptides are rigid and hold the two 
single chain binding sites in one particular orienta- 
tion, which Tiay not be a suitaofe orientation for 
binding. However, the linker should hold the single 
chain binding sites separated from each other, so 
that they do not interfere with each other's binding. 

The preferred linker for the two V H -V.. binding 
moteculea is a small non-autoiogoua hydrophilic 
peptide, preferably of about 10 to about 15 amino 
acid residues in length. Such a non-autoiogoua 
Knker can provide an antigenic site for the antibody 
conjugated with the remover substance. 

More preferably, the peptide containa primarily 
glycine and/or serine residue*, and moat prefer- 
ably, it has glycine and serine residues plus a 
glycosylation sequence. One grvcoeyiation se- 
quence is Asn-X-Y where "X s can be moat amino 
adds and "Y* is serine or threonine. 5M Marshal, 
R.D., Glycoproteins p. 679 (1072). Where the pep- 
tide is glycosylated, it la moat preferable tor it to 
be an autologous peptide that la not immunogenic, 
and that an antigenic peptide be attached to the 
carbohydrate moeey 

Glycine or serine residues are preferred be- 
cause they are ueuatfy aaaodaaad wall non-rigid 
peptides, and do not ONoaoatveJy restrict the ori- 
entation of the bindng state, But ftooo residues 
create a nyOTDprvec popooe* ano tie nyoxopnwcny 
aids in hololng apart tfw Vh-V l binolng ettae so that 
they do not inaerfaro watt eech .other and Intabtt 
binding. Glycosylated poptidttxaro more prelenred 
berauee the carboydraai adde additional 
hyoVcphiecity to the Inker, which hetpe to phys- 
ically separate the two bindtog domains. 

It it preferred OwMfae^eiajiovor binds to the 
Knker rather than to another portion of the binolng 
molecule. Thus, m the prseerred err ^ odfcnent 
shown in Fig. &, the carbohydrate moiety 40 of the 
anker 41 is conjugated weft e hapten or a non- 
autotogoue peptide 42 of about 0 to 10 ammo adde 



in length. Peptide 42 provides an antigenic site far 
the antibody s i a or l ttod with the remover. 

The p iefeired remover substance has the fol- 
lowing properties: 
s 1) it can apocsflesJty bind to the binding mot- 
ecutee; 

2) It remains m the drculatlon and does not 
diffuse through the holes in the capillary wall 
and into the tsdravascuiar space or into solid 

io tissues, except that It does diffuse into the 
spleen, liver and fyrnohoid tissues; 

3) It is rapidly cleared by the reticuloendothelial 
system. 

The preferred remover is a liposome which ia 
ts conjugated with antibodies specific for an antigenic 
site associated with the peptide which joins the two 
Afunctional binding molecuiee together. However, 
the antibodies can alao be specific for any portion 
of the linked Vw-V\. binolng molecules, or they can 
so be antiidiotypes to the WV t binding molecules. 
The antibodies can aleo be conjugated to a poly- 
meric substance, such as dextran or polyethylene 
glycol. 

Referring to Figs. 1 and 2, the phermokinetics 
as of a binding molecule which hat been administered 
is illustrated. Curve A in Fig. t represents the 
concentration of binolng molecule in the blood cir- 
culation, and curve B repreee ntt the concentration 
in the ox s t v aacu lar space. Curve A shows a rapid 
30 decline after injection to time fmm> representing 
thr time during which binding molecuiee diffuse 
into the extravascular space and are bound at the 
target srte. After time fmm, curve A declines more 
slowly, representing the clearance of the binding 
38 molecuiee by the reeculoendotheaai system, the 
kidneys and other eels of the body- 
Referring to curve B in Fig. 1, it can be seen 
mat Die oonoanvasjon or oaiojng moiecuie in tne 
extraveecuav aoece Increeeea after injection to 

wieMn^ei ^■^nM^v w^te^paa^a^^^ ^piv^n w^^p***e^^* w/ 

« fmm, when equttrajm be tw ee n the blood circula- 
tion and the oxfrevaocutar apece ia reached* 

Fig. Z repreeanta the Wneocs of durtribution of 
tne Dtnomg moawjuoo oeiween me umor ano me 
blood. Curve A rspreeents fte amount of binding 

« moleoule ateodetod wan the target antigen. It in- 
creeses rapkJry from Infection to time and 
then dednee atowty tfweaftar, the tatter phase 
repreoonting tits time during which binding moV 
ecutee ere releasing torn t» target aft*. Curve 6 

at rspreeents fie farr w ttood uj ncoi» a tton ratio. ft 
can be aeon that Me ratio hcreeaee stigttfy more 
rapfcfty trom fcrsection to time r_ than the in- 




1) the time to fmm * shorter: 

2) the nu tati o n dWerenee between the 
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blood and the extrevsscular space it smaller; 

3) the concentration of the binding moieculee in 
the extravascuiar space can reach higher leveia; 

4) more of the binding molecules can be bound 
at the target site; 

5) the binding molecuiee diffuse more quiddy 
from the extravascuiar apace to the blood cir- 
culation. 

Because ail these consequences are advanta- 
geous, the preferred binding molecuiee are two 

single-chain V H -V L binding molecules joined togeth- 
er. Such joined single chain binding molecules are 
smaller than many antibody fragments, such aa F- 
(ab'fc fragments, and smaller than whole anti- 
bodies. 

The clearance of binding molecules at different 
points in time in relation to the administration of the 
remover is illustrated in Fige. 3-7. Fig. 3 schemati- 
cally shows a blood vessel 10 surrounded by ex- 
travascuiar space 12 which is in turn contacted by 
solid tissue 14. The solid tissue 14 haa a tumor 16 
thereon, which ia a target site for the binding mol- 
ecules 20. The liver 18 is shown rtuidty linked with 
the blood vessel 10. Binding molecules 20 have 
recently been administered and are still all within 
the blood vessel 10. t 

Fig. 4 shows the same view aa Rg. 3, shortly 
thereafter. Rg. 4, represents time fmm of Figs. 1 
and 2, at which the binding molecules 20 reach a 
maximium concentration in the extravascuiar space 
12 as the equilibrium between the extravascuiar 
space 12 and the inside of the blood vessel 10 is 
reached. The binding molecules 20 aieo bind to the 
target site at near maximum leveia. Some of the 
binding molecules 20 have been absorbed and 
taken up by the liver 16. 

Rg. 5 is at a later time, after a remover haa 
been administered. Ae a result of the remover 
substance's action, the uunu e maaun of the binding 
molecuiee 20 in the blood veeoei 10 la greatly 
reduced. Because tie rate of dWueton of the bind- 
ing moieculee 20 across, the c ap M ar y wai la slower 
than the rale of cloonnca of f» remover by the 
RES, the ounu a n a a ion of binolng molecules 20 te 
higher in me sxtrsvaeeular space 12 t»an m the 
blood vessel 10. The amount of binolng moieculee 
20 bound by tumor 16 remeJne near madmum 
levels. More of the binolng moieculee 20 have 
been taken up by the Iver 16l 

Rg. 6 is at a stii later time, after the binolng 
molecule removal phase la substan tia ^ c omplete. 
Uttie of the binolng moieculee 20 remain in the 
blood veesei 10 or in the exfravaocuJor apeoa 12. 
The amount of binolng moieculee 20 bound by the 
tumor 16 remains aft about the same level aa in Rg. 
5, because the release time of the binolng moV 
eculee is much longer than toe time needed tor the 
binding moieculee to diffuse into the Wood vessel 



10 and be remove d . Jhe Bver 18 has taken up 
more of the binolng molecules 20 and has also 
digested some of Ihem. The conditions are now 
ootimei far arkninlaaarfrm the theraoeutfc aoent 

w ^aai e«i i se« m^^^m aa iu is ^bf w ^^vvv wsjmbh 

a Because the remover la Inten d ed to dear the 
free binding moieculee In both the blood circulation 
and aieo in the oa ar a v aecu lar space, it should be 
administered repeatedly shortly after the binding 
molecules reach f w ft is more preferred if the 

io remover is administered over a total length of time 
that is about 4-5 times f%«. 

The preferred total length of the removal phase 
of 4-5 times allows nearly all of the binding 
molecules to diffuse back into the blood vessels 

ts from the extravascuiar space, and to then be bound 
in the blood vessels by the remover substance. But 
such a removal phase is not so long as to allow 
significant amounta of the binding molecules to 
release from the target site before the therapeutic 

20 agent ia administered. 

It is preferred if the remover sub st ance ia ei- 
ther repeatedly added or is continousry infused 
intravenously. Assuming thai at r M about one- 
- half of the binding moieculee are in the extrevae- 

26 cular space (which would result at equilibrium), 
then after the remover haa been administered (bur 
times (at 4 x faJ, the residua l amount of binding 
moieculee in the extravascuiar space win be about 
1/2 x (1tf)*. or about 3% of the total binding 

30 moieculee , erigine6y administered. 

From the available pharmokinetic data about 
whole IgQ, and about F(ab> and Fab fragments, it 
ia estimated that r M tor whole igQ, F<ab*fe and 
Fab are about 50 hours, 20 hours, and 1 hour, 

a respectively. See loBugto. AJF. et at Proa Nttl 
Aced Sd USA. 66:4220-4224 (1960); Mobtofsky. 
P J. et si fleoWopy 146346-566 (1963); Larson, 
S.M. et at Aedtofegy 156:487*462 (1966). The two 
joined ainglo<fcain Vh»Vi binolng molecuiee pre- 

40 ferred for uee wUh the Invention are about the 
seme else and have a al m lar overal structore to 
Feb fragments. Thus, twee binolng moieculee 
should have stout the same dHusston rate and 
r w aa the Fab fragments. Baaed on a C" M of 1 

4e hour witfi tie preferred binolng molecules, the total 
time to o o m pls ta aJm hii sballuu of the binolng mol- 
ecules, the remover substance and the therapeutic 
agent ts about 0 hours. 

BHunceonaJ IgQ or rHatola are not preferred tor 

ae use wlii fte swenton becauee ftefr dtffueion rates 
are stow and their r M Is long. By fie time the 
free bJnoTnq moJecutaa to the drc utaaton a nd I to the 

agent (a period of esveraf timee f-), a kjnrtcant 
as amounta of binolng molecule wel hawe retoaeed 
from the target aa*. Thus, not ae much of the 
therepeuttagertwflbeboundaltot^ 
when using tie preferred binolng moieculee. 
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The remover substance is cleared from me 
circulation at a considerably faster rate than the 
binding molecule* diffuse into the blood vessels. 
Thus, after each admWatratton of remover, the 
binding molecules are present in the circulation in 
decreasing quantities. It ia preferable, therefore, to 
administer the remover at a decreasing dosage 
over time, each administration of the remover being 
after the binding molecules reach equilibrium 
across the blood vessel walls. Alternatively, the 
remover may be administered by infusion at a 
progressively decreasing dosage. 

The therapeutic agenta are essentially of two 
types: those which must enter the cell to be effec- 
tive and those which need not do so. The latter 
group includes agents which act on cell surface 
receptors, including cytokines such as tumor 
necrosis factor (TNF*) and inter*eukin-1. The for- 
* mer group, which must enter the cell, include 
cytotoxic or cytolytic substances such as plant or 
microbial ribosomaHnactivating toxins, including 
gelonin. abrin, ricin A chain. Rseudomonas ex* 
otoxin, diptheria toxin, pokeweed antiviral peptide, 
tricathecums; anti-sense RNAs that inhibit the ex- 
pression ortumorigenic proteins. 

Those therapeutic agents which must enter the 
target cells are preferably chemically modified to 
facilitate their entry into ceils. These agents are 
conjugated with membrane blending agents, such 
as those described in published international Ap- 
plication PCT/USW03532, which are in turn con- 
jugated to blockers. 

An exemplary conjugate 48 of a membrane 
blending agent blocker and therapeutic agent ia 
schematically shown in Rg. 9. A therapeutic agent 
50 is linked by a membrane bienolng agent 52 to a 
blocker 56. A cleavage sis) 54 Is on the membrane 
blending agent 52 adjacent the blocker 56. 

Blocker 56 prevents insertion of the membrane 
blending agent 52 into the oaf before tm blocker 
56 ia cleaved. After blocker 56 la deeved at site 
54. membrane bienolng agent 52 blends with and 
inserts into the cei membrane, thereby eking the 
entry of therapeutic agent 50 Into tie ceti. Thus, 
therapeutic agent SO can only enter the target cei 
after blocker 56 la cleaved. 

The preferred membrane bienolng agent le de- 
scribed m pubMtod International Appticstfon 
PCTAJS8003632. a can be a rnembrane fusion 
peptide, a long chain tatty add, or a membrane 

cftanneHorming peptide. 

The blocker is J sscribs rl to International Ap* 
plication PCT/US80TO832 'as preferably being an 
antibody which targets the particular ceis sought to 
be treated, m the present invention time is no 
need for using en antibody aa the blocker, as * * 
the single chain VwV t bktfng motocuJee. riotiho 
blocker, which are leeponeibl e tor the tieaue-epe- 



cific recruiting. An antjtpdy blocker may actually 
be leas desired than o*V typee of blocker* as an 
antibody wtU be more antigenic and will tend to be 
cleared faster by the retfcutosndottos* system, 
s The p ref erre d blocker tor use in the invention 
is a hapten or a smei antigenic peptide which is 
bound by one of the V„-V t binding sitae of the 
binding molecule. Thle peptide should not be auto- 
logouo* 

ro A preferred cytotoxin to be used m the present 
application ia ricin A chain, which possesse s the 
ribosome-insctivatfng activity but not the carbohy- 
drate binding and translocation activities. The latter 
two activities reside in the B chain. It has been 

rs shown that conjugating ricin A chain with long 
chain fatty add can greatty enhance the cytotoxic 
activity in ceH culture. Kabanov. AV. et ai. Protein 
Engineering 5:38~42 (1960). Another preferred 
cytotoxin ia the modified or truncated 

20 psevdcmones exotoxin A (a single chain protein), 
which lacks the eel recognition domain but still 
possesses both the translocation and the ADP 
ribosyiating activity. Kondo. T. et ai. U Stat Cftevn. 
263*470-0475 (1988). By conjugating the truncat- 

2S ed pseudomonaa exotoxin A with a rrtembrane 
blending agent and a blocking agent the toxin can 
be delivered to the target site in an inactive form, 
and once the blocking agent ia cleaved at the 
target site, its affinity tor the cell membrane ia 

» enhanced. Because the truncated p$mxtomcn*$ 
exotoxin stil pommi the tran sl o ca tion activity, 
the toxin can get into target ceils to exert cytotoxic 

The methods of the invention wil be very et- 
as fective in targeting therapeutic agents to tissues 
which are outside the drcutotion end rytr^hatic 
systems. The p ieferrod target sites tor the thera- 
peutic agents are sold tumors, which are particu- 
larly difficult to treat effectively by conventional 
40 means. Because me msthoda of the Invention allow 
the therapeutic agent to be a dm i n i st e r ed a rela- 
tively short time altar e drdn u jtertng the binding 
molecules, the effects of too toerapeutte agent ia 
maximized and Ha dosage can be minimized. 
« thereby rr**rtWno tito to*dty to t* kJ*tey and 
other tissues. Further, because the therapeutic 
agents are not oenjugetod to tie btodtog mdecutoe 
atthetinwofejMnie*^ 
(which are ameier titan too blndtoQ molecules) can 
so be ctoered by tito kidney, thereby further reducing 
the toxicity to tie Mr and other tissue* 

Anotoor edventage of the Invention ie that the 
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endocytOM is mm likely to occur if the antibody 
can cross-link a target site, antigen. However, it is 
well-known that the density d tumor-associated 
antigens on the cad ***** varies from cell to ceil, 
due to the cell's cycle, antigenic drift and other 
factors. Thus, a conventional Immunotoodn's effec- 
tiveness is limited to the extent to which it is 
endocytosed. 

In contrast the therapeutic agents of the 
present invention do-not need to be endocyt ose d 
to be effective. For those therapeutic agents noted 
above which must enter the ceil to be effective, the 
membrane blending agent aids their entry into the 
ceil. Cross-linking of a surface antigen is not nec- 
essary, and therefore, their effectiveness is not 
limited by the availability of the cell surface anti- 
gens on a particular ceil in the tissue site, but only 
by the total amount of the surface antigen at the 
tissue site. 

Specific examples of making the various com- 
ponents of the invention are described below. 

(1) Preparation of Conjugates of a Therapeutic 
Agent with Membrane Blending Agents and 
Blockers 

A preferred therapeutic agent to be used in the 
form of molecular conjugates of the present inven- 
tion is ridn A chain, which possesses the 
ribosome-inactivating activity but not the can-bind- 
ing activity of whole ricin molecules. The prepara- 
tion of three-component molecular conjugates is 
described in international Application 
PCT/US8B/03S32. 

For making these conjugates, a preferred 
group of membrane blending agents ere long chain 
fatty acids. For convenience, fatty adds of 14. 1$ 
or 18 carbons in lengtft more preferably having at 
least one double-bond lor addtforVsubetitotion re- 
actions, may be used. Theee tatty adds, namely 
myristoisJc sod. peJmrtotolc add, and oleic acid, 
which an have double bond at Ct-Go. may be 
purchased from Matroya. Ire* In Pleasant Gap. 
Pennsylvania. The unaato start double bond may 
be lutjtrtirf to addrttoiVsubstitution r eactio ns to 
i n ux pot ato one of toe many heterodrunctiond 
cro ss Bd d n g agents (which are m ai l able from 
reagents firms. Pierce Chemical Co.) using 
techniques which are routine in organic chemistry. 

One possible group of btoddng agonte are 
haptens, such as 2.4>*rtnrkQbeftaone and 
phenylarsonale. Monodond antibodtoe against 
these hapten btoddng agents have alraady been 

P, °T3lafT^ 

paptidee of about 6 to 10 amino adds In length, 
which do not bear any autologous antigenic epi- 
topes present in humane. The peptides should be 



resistant to proteolytic digestion in serum and other 
body fluids. The amino add sequence may be 
checked using one of the available programs (aift. 
the Micro Genie™ program from Beckman Irtstru- 

s ments) for homology wftti the peptide sequence of 
human proteins, which is available in recently up* 
dated database. The peptides derived from pro- 
teins of animal or Inaect or microorganism origin 
are possible choices. One specific example of a 

10 suitable peptide Is an eight amino add segment 
(Trv-Leu-Pro-Me-Ala-Hls-aiu-Asp) from the CHj do- 
main of rabbit lg<3, residues #324-331. Five or six 
of theee eight amino adda are different between 
this segment and the corresponding segment of 

rs human igGi , IgCfe, IgGb. and IgG*. 

Depending on the cross-linking agent to be 
used, a cysteine residue can be added to the N or 
C-termind end of the peptide to aid in linking. 

20 (2) Preparation of Monoclonal Antibodies 
Against Haptens or Short Peptides 

In the present invention, monoclonal antibodies 
specific for haptens or short peptides are of two 
» typee: 

(1) Monodond antibodies specific for the bloc- 
king groups of the moiecuisr conjugates of 
therapeutic agents. Theee monodond anti- 
bodies can be re en gi neered to make one bind- 
so ing domain d the Afunctional single-chain bind- 
ing molecules d the invention. 

(2) Monodond antibodies specific for the an- 
tigenic epitopes on the Snking peptide d the 
brfunctiond two-domain binding molecules d 

36 the invention. Theee monodond antibodies are 
preferably Incorporated into Bpooomee to make 
the remover substances d the invention, or they 
can be corrugated wNh other larger molecules 
to make a suitable remover substance. 
40 Monodond antibodies specific for haptens or 
short p trjtMf t can be prepered according to rou- 
tine, standard mdhoda tor making rrybrt domas and 
m on o d ond antibodtoe, such as the m e th o ds do* 
scribed In Kennel fUittd (Eds.). Monoclonal 
4s Antfboome* HybriOomox A New Dimension In Bio- 
logic* Analyses, p* 3W-M7 (Plenum Prase. New 
York 1080) or Hudeon. L and Hey, F.C. (Eds.). 
Pracrfcaf to e Njnd ogv 2nd ed (Btadcwdl Sdentt- 
lie Pubticatione. Boston i960), 
so According to the procedures daacrtiarf in theee 
hendbooks. toe hapten or the peptide can be cor> 
jugatod to a protein cantor audi aa keyhole Impat 
homocyej*i (KLH) at a ratio of multiple peptides 
(hapten groupe) par fOM mdecute. Mtoe are im» 
as muniaed wtih the cortugate In complete Freuwfa 
adjuvant, irtoiperttoneefy. tithe tird toeiwnliatirnt 
and in Inoomplete Preurtfe adjuvant to 3* subee- 
quent kmnudininna. The eptoen cdto from the 



17 



EP 0 506 124 At 



18 



immunized mice sre fused with Sp2/0 myeloma 
calls to produce hybrWoma* The antibodies se- 
creted by me hybridomaa art screened by EUSA 
for reactivity with me peptide or hapten coupled to 

a different protein, such aa chicken ovalbumin. 

(3) Preparation of Immunollpoaomea 

Various methods have bean established to pre- 
pare liposomes and to conjugate IgQ to the surface 
of liposomes. See, a.gu Ostro, MJ. (Ed.), Lipo- 
somes: from Biophysics to Therspeutict (Marcel 
Qekkar, New York, 1987). One preferred method of 
preparing liposomes and conjugating IgQ to their 
surface is described by Ishimoto, Y. at al.. J. Im* 
munoL Met 75. 351-380 (1984). MuKUamillar lipo- 
somes composed of dipalmtoylrjhc*phatidyt- 
choiine, cholesterol and phosphotidylethanolamine 
are prepared. Purified IgQ monoclonal antibody (or 
a fragment thereof) can then be coupled to the 
pruMphatklylethanolamine by the croee-Unking 
agent N-hydroxysuccinimidyl 3^2-pyridy kjHhkD) 
propionate. The coupling of the antibody to the 
liposome can be demonstrated by the release of a 
pre-trapped marker, e.gu carboxyfhjorescence, 
from the liposomes upon the treatment of secon- 
dary antibody against the conjugated antibody and 
complement 

(4) Making Two Linked Single £haln Vk-V l 
Binding Moledulea 

WO 88/08344 discloses how to space frame- 
work and complementarity determinin g regions into 
single chain V*-V t binding molecule. See espe- 
cialty pp. 47-51. Aa noted therein, the Vi«-V t 
binding molecuie can be cloned into ma piasmid 
pUC8 and expressed in £ cot 

WO 88/09344 also didosss how to design end 
make a linker for the single chain Vk-V\ btodtag 
molecule. Sew e^ptcfeeypp. 52-68* Thle can then 
be used to express a comploto Inked single chain 
V H -V L binding motocula. 

Essentia* the same proceduree as deecribed 
in WO 86708344 can be uead to Ink two single 
chain V«rV t btodtog moleculee togaiiar to make 
the bindtog motoculee of me invention. Ae noted m 
wO8oV0W44. a paptide Inker of ^^f^^ 
can be designed baaed on the desired J i l a m a 
needed between each V»rV t bindtog molecule to 
prevent sterte hindrance or shJoldtag of me btodtog 
srtes. WO88V08344 atao deecrtoaa how to propers 
nudeotidee coding for the inker and me stogie 
chain V«rV L binding motocula, Slmiar tochniquee 
could be used to prepare me nudaotidaa tor cod- 
ing the linker between the two single chain W>4> 
binding moleculee of the invention. 

Numeroua mono cl onal antibodtoe agatoet 



tumor-aaaocsatod surface sntigena in human pan- 
creatic and co lorectal cancers (e.g., antibody 17- 
1A). ovarian cancer {e.Q., antibody againat CA129K 
liver cancer (#.gt, snti-CEA), breast cancer (e\gu 
$ monoclonal antibody 7Z3), melanoma <#.£• an* 
body 4a7 againat HMWA antigen), as wei as 
againat many other tumors, have been developed. 
Many of theea sntibodtos^ have been well known in 
the field of human tumor irnmunotherapy and have 
10 been studies in human dWcai triala. Cell iinee 
derived from the tumoroua tissues have also been 
developed. In one very useful animal model using 
nude mice, the human tumor cell lines, when trans- 
planted to the mice, develop tumors. Thus, a can- 
ts didate therapeutic antibody or binding molecule 
can be used experimentally in me mouse model. 

For co ns tr u c tin g a two binding domain single 
chain binding molecule, one of binding domain can 
be derived from the Fv of one of these antHumor 
20 surface-antigen antibodies. The- other domain can 
be derived from the Fv of an antibody specific to 
the blo ckin g agent of the therspeutic agent de- 
scribed above. The cloning and the seq u en cin g 
determination of the VH. V L of theea antibodies can 
as be performed by routine molecular biology tech- 

nk ^preferred specific of linker be- 

tween tne two ovtoaig oomajna or me smgie cnam 
binding moleculaa of the present invention should 
w contain a nonautologoue segment An example is: 
Qly'Qjy'Sar' Try'Fro'Sar'Pro'gy'ile'QIn'Val * • 
SerGryGry 

The undefined portion of eight amino acids is a 
segment in the CK3 domain of rabbit u chain 

3S (#382-380). Sbc of eight snUno acid reaiduea are 
different from the corroopondtog segment In human 
u chain. The ftanJdng Qty end Ser malduea are tor 
incraaalng the total langm to 14. The sequence 
does not contain grycosyteson site and the entire 

« ONA enoodtog tha two bindtog domains and this 
linker can thua be expre ae sd in £ cot 

o Another preferred Inker la a grycoaytotod form. 
The peptide porton contotoa a grycoaytation site. 
One example of INa Mar ic 

4S Qly'Oly*8er« Aan'<a»*8ar < Qry < 0» > Aan > Q|y*m 
r*Gry*3er«Gly 

Hon sitae (undsrteed). The G* and 3er reexJuea 
enhance tha ftexfetty and non-rigid confermation 

so of the Inker. 

The ONA emdtog the two btodtog domaine 
and the Inker should be wproa e ed to rnamrnaian 
ceea, audi aa CHO oaf toe, which ca n add the 
carbohydrate mooHy to tha fl^yooaytetion sNae* One 

m pntomd **mmk» aptoato to uvd In a CHO 
eil Im tor M «amMfcM ef I n ti w unogl n tadB 
game it (to m*hod daaatad to MJ. «* 
Sytontom. MA WOW*** W4-6B <1«1). 
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In the following section, the conjugation erf a 
hapten or a peptide to a carbohydrate moaity ia 
described. The eight amino add peptide described 
in this section can be used tar conjugation to the 
carbohydrate moeity. 

(5) Conjugation of an Antigenic Peptide or 
Hapten to the Carbohydrate Site of Two Linked 
Single Chain V»rV t Binding Moleculee 

The p referred method ot conjuating an an- 
tigenic peptide or hapten to the carbohydrate site 
of two linked single chain Vk-V c binding moiecuiea 
is adopted from the procedures described by 
O'Shannessy, OJ. et al. t Immunol, left 8473-277 
(19S4) and Rodweil, J.D. et aJ., Proc N*fl Acsd 
$CL USA 834632-2636 (1086). The principle Is to 
generate reactive aldehydes on the sugar moieties 
by sodium periodate treatment and to link a reac- 
tive hydrazide group of the bifunctfonal linking 
group to the hapten or peptide to be conjugated 
and then to couple the two reactants. 

This procedure has been applied successfully 
to conjugate antigenic peptides and haptens to a 
number of different IgQ and IgM monoclonal anti- 
bodies. For example, these techniques have been 
used by Cytogen Corp. to make trnmunoconjugatea 
for imaging tumors in v/vo, which are now pending 
FDA approval. 

The terms, ex pres si o ns and examples herein 
are exemplary onry and not limiting, and those 
skilled in the art wil recognize, or be able to 
ascertain using no more than routine experimenta- 
tion, many equivalents to the specific embodiments 
of the invention described herein. AS such equiv 
alerts sre encompassed by the following daime. 

Claims 

1. A composition for enhancing doeVory of a 
therapeutic agent to a sold tissue arte, com- 
pnsangc 

two single chain V*-* Wtanctional binding 
moleculee which are Joined together, having 
one apodSdty tor s sold tissue antigen and 
the other tor the (herapeudc agent 
a remover substance which binda circulating 

a therapeutic agent. 

2, The co mpoeHlow of cWm 1 wherein the re- 
mover la a apooome aanjugased wtih anti- 
bodtee ip o crfic tar too blnrJng moleculee. 

X The composition of deJm 1 or 2 wherein toe 
t™*** 1 * * M Ucterl from the group 

indudtog ridn A chain, modMtod Pseudornonee 



exotoxin A {that lacks ceil binding domain and 
poeaeeaee vanaiocaoon ana auk nDosyisnon 
activity), getonln, abrto, dlptheris toxin, 
poKeweeo arn-vvai pepooe, oicncOToconoe, 
s cyvxonee, mcajoing tumor nocrosw nenr 

(*TNF*) and interleutan 1; anti-sense RNAe 
tnai innton tne expreesnn or lumongenic pro- 
toine* 

io 4. The composition of claim 1 or 2 where the 
therapeutic agent ia ridn A chain or modified 
pseudomonaa exotoxin A, conjugated with a 
membrane blending agent and a blocker. 

is 5. Two single-chain binding molecules linked to- 
gether by a small non-autologous hydropruiic 
pepttoe. 

6. The linked binding moiecuiea of claim S 
zo wherein the linker has a gtycosytation se- 
quence. 

7. The linked binding molecules of claim 5 or 8 
wherein the Inker ia glycosylated. 

n 

& The linked binding moiecuiea of any one of 
claims 5 to 7 wherein the linker is preferably of 
about 10 to about 15 amino acid residues in 
length. 

70 

9. The Inked bindtog moleculee of any one of 
claims 5 to S inducing the linker's carbohy- 
drate moiety ia Inked to a non-glycosylated 
peptide which is non-eutotogous and antigenic 

as 

10. A Hpoeome having an antibody attached to it 
wherein the antibody la specific tar an an- 
tigenic site associated with a Inker between 
two singte chain VVV V bindtog moleculee 

40 wwen are xanea vgewe* 

11. The Ipoeome of deim 10 wherein the en- 
tioenle arte la on toe oeotide Inker. 

« 12, The Ipoaome of daJm 10 or 11 wherein the 
antigenic site le on a peptide chain attached to 
a carbohydrate moiety of toe Inker. 

1X Two etog* chain V*-* btiuncional blndtog 
sa moleeutee which are Joined together, wherein 
one iieJanry ia tar a tomor aaa nr la torl antigen 
and tie other la tar s btoctaar which ie Inked 
vie e membrane iB n eto c - n n agent to a there- 
peutic e^ent 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Solvent exposure of sidechains of 
framework residues in KOL and J539 Fvs and the 
residues which occur most frequently at these po- 
sitions in the various human VH subgroups. 

Figure 2. Solvent exposure of sidechains of 
framework residues in KOL VL and the residues 
which occur most frequently at these positions in 
the various human V-lambda subgroups. 

Figure 3. Solvent exposure of sidechains of 
framework residues in J539 VL and the residues 
which occur most frequently at these positions in 
the various human V-kappa subgroups. 

Figure 4. Primers used to isolate DNA encod- 
ing murine kappa light chain variable region and 
murine lgG2a heavy chain variable region using 
PCR. Oligodeoxynucleotides used as PCR primers 
to generate a shortened lgG4 heavy chain. 
'Oligodeoxynucleotides used in PCR to re-engineer 
"the thymidine kinase (TK) promoter to facilitate the 
^expression of the neomycin resistance gene. 
Oligodeoxynucieotide primers used in PCR to 
.clone the IgH enhancer sequence, Oligodeox- 
ynucleotides used as PCR primers to generate a 
s human kappa light chain constant region. 

Figure 5. Oligodeoxynucleotides used in the 
"construction of the "veneered" 1B4 heavy and light 
chain variable regions plus those necessary to fuse 
"the human signal and intronic sequenceds onto 
i these variable regions. 

1 Figure 6. PCR-recombination strategy used in 
~!the veneering of the 184 kappa light chain variable 
i region. 

Figure 7. Outline of the insertion of the 
"veneered n kappa light chain variable region and 
kappa constant region into the light chain expres- 
sion vector. 

Figure 8. PCR-recombination strategy used in 
the veneering of the 1B4 heavy chain variable 
region. 

Figure 9. Outline of the insertion of the 
"veneered" heavy chain variable region into the 
heavy chain expression vector. 

Figure 10. Outline of the construction of neo- 
mycin selectable expression vector. 

Figure 11. Outline of the construction of the 
hygromycin selectable expression vector. 

Figure 12. Amino acid sequence compleition of 
the "veneered"-1B4. murine 1B4 and human Gal 
heavy chain variable regions and the "veneered" 
1B4, murine 1B4 and human Len kappa light chain 
variable regions. Check marks idicate the individual 
amino acid residues converted. 

Figure 13. Competitive binding assay of native 
murine 1B4 (open diamonds) and recombinant 
"veneered" 1B4 (closed diamonds). 



BACKGROUND OF THE INVENTION 

The identification and production of murine 
monoclonal antibodies has lead to numerous thera- 

s peutic applications of these exquisitely specifc mol- 
ecules in human disease. The technologies of mo- 
lecular biology have further expanded the utility of 
many antibodies by allowing for the creation of 
class switched molecules whose functionality has 

to been improved by the acquisition or loss of com- 
plement fixation. The size of the bioactive molecule 
may also be reduced so as to increase the tissue 
target availability of the antibody by either chang- 
ing the class from an IgM to an IgG. removing t 

rs most of the heavy chain constant region in the 
creation of a F(ab)2 or both heavy and light chain 
constant regions may be dispensed with in the 
formation of a Fv antibody. Common to all of these 
potentially therapeutic forms of antibody are the 

20 requiste CDRs (complelmentary determining re- 
gions) which guide the molecule to its ligand and 
the framework residues (FRs) which support these 
latter structures and dictate the disposition of the 
CDRs relative to one another, Winter European 

25 Patent Application. Publication No. 239,400; Riech- 
mann et al., Nature 332: 323-327 (1988). Crystal- 
lographic analyses of numerous antibody structures 
reveal that the combining site is composed almost 
entirely of the CDR residues arranged in a limited 

30 number of loop motifs, Padlan and Sheriff, 1990. 
The necessity of the CDRs to form these structures 
combined with the appreciated hypervariabiity of 
their primary sequence leads to a great diversity in 
the antigen combining site, but one which has a 

35 finite number of possibilities. Thus, hypermutability 
and a limited primary sequence repetoire for each 
CDR would suggest that the CDRs derived for a 
given antigen from one species of animal would be 
the same derived from another species. Hence, 

40 they should be poorly immunogenic, if at all, when 
presented to a recipient organism in a non- foreign 
context. 

Monoclonal antibody producing hybridomas 
have been most readily obtained from immunized 
45 rodents. Development of similar reagents from hu- 
man sources has been frustrated by the current 
inability to maintain long term cultures of cells 
which produce sufficient quantities of antibody. Ad- 
ditional problems arise from the regulatory stand- 
so point when cells of human origin are employed for 
the production of agents to be used in man. These 
considerations have lead to the widespread use of 
rodent mono- clonal antibodies for the imaging and 
treatment of malignancy, prophyllactic administra- 
55 tion to guard against toxic shock, modification of 
graft rejection episodes, and to temper acute in- 
flammatory reactions. In all scenarios where com- 
pletely rodent or partially rodent (ie.rodent - human 
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chimeras) antibodies have been used for therapy 
the recipients have often illicited an immune re- 
sponse directed toward the antibody. These reac- 
tions have limited the duration and effectiveness of 
the therapy. 

Various attempts have been made to minimize 
or eliminate the immunogenicity of non-human anti- 
bodies while perserving their antigen- binding prop- 
erties. Initially, chimeric antibodies were construct- 
ed containing the rodent varibte regions and their 
associated CDRs fused to human constant do- 
mains. The following references generally describe 
chimaeric antibody technology: Lobuglio et al., 
Proc. Natl. Acad. Sci. USA 86: 4220-4224 (1989): 
United States Patent 4.816,567; PCT International 
Publication No, WO 87/02671, published May 
7,1987; European Patent Publication No. 255,694, 
published February 10 1988; European Patent Pub- 
lication No. 274,394, published July 13, 1988; Eu- 
ropean Patent Publication No. 323,806, published 
July 12, 1989; PCT International Publication No- 
WO/89/00999, published February 9, 1989; Euro- 
pean Patent Publication No. 327,000, published 
August 9, 1989; European Patent Publication No. 
328.404, published August 16,1989; and European 
Patent Publication No. 332,424, published Septem- 
ber 13, 1989. These proved to be less im- 
munogenic but still approximately half of the recipi- 
ents mounted an immune response to the rodent 
variable region framework residues. Further reduc- 
tion of the "foreign" nature of the chimeric anti- 
bodies has been achieved by grafting only the 
CDRs from the rodent monoclonal into a human 
supporting framework prior to its subsequent fusion 
with an appropriate constant domain, Winter Eu-. 
ropean Patent Application, Publication No. 239,400; 
Riechmann et al.. Nature 332: 323-327 (1988). The 
procedures employed to accomplish CDR-grafting 
often result in imperfectly "humanized" antibodies. 
That is to say, the resultant antibody has either lost 
avidity (usually 2-3 fold, at best) or in an attempt to 
retain its original avidity a significant number of the 
murine framework residues have replaced the cor- 
responding ones of the chosen human framework. 
In this later case, the immunogenicity of the modi- 
fied "humanized" antibody is difficult to anticipate 
a priori. 

The ligand binding characteristics of an anti- 
body combining site are determined primarily by 
the structure and relative disposition of the CDRs. 
although some neighboring residues also have 
been found to be involved in antigen binding 
(Davies et al., Ann. Rev. Biochem. 59: 439-473 
[1990]). Tine specificity can be perserved in a 
"humanized" antibody only if the CDR structures, 
their interaction with each other, and their inter- 
action with the rest of the variable domains are 
strictly maintained. One may anticipate that the key 



residues represent "interior" and interdomain con- 
tact residues, hence those surface exposed resi- 
dues which are immediately available for immune 
surveillance should be non- inclusive of the struc- 
5 tural residues. 

OBJECTS OF THE INVENTION 

It is, accordingly, an objective of the present 

70 invention to provide a means of converting a mon- 
oclonal antibody of one mammalian species to a 
monoclonal antibody of another mammalian spe- 
cies. Another object is to identify the amino acid 
residues responsible for species specificity or irn- 

75 munogenicity on the exterior of the monoclonal 
antibody. Another object is judiciously replace or 
veneer the exterior amino acid residues of one 
species with those of a second species so that the 
antibodies of the first species will not be im- 

20 munogenic in the second species. A further object 
is to make replacements only in framework regions 
of the heavy and light chains of the antibody mol- 
ecule and not in the complementarity-determining 
regions. Another object of the invention is to pro- 

25 vide novel DNA sequences incorporating the re- 
placement amino acid residues. Another object is 
to provide a vector containing the DNA sequences 
for the altered antibody. Another object is to pro- 
vide a eukaryotic or procaryotic host transformed 

30 with a vector containing the DNA sequence for the 
veneered antibody. 

SUMMARY OF THE INVENTION 

35 A unique method is disclosed for identifying 
and replacing immunoglobulin surface amino acid 
residues which converts the antigenicity of a first 
mammalian species to that of a second mammalian 
species. The method will simultaneously change 

40 immunogenicity and strictly preserve ligind binding 
properties. The judicious replacement of exterior 
amino acid residues has no effect on the 1 ligind 
binding properties but greatly alters immunogenic- 
ity. 

45 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a 
"humanization" procedure which simultaneously re- 

50 duces the immunogenicity of the rodent mon- 
oclonal antibody while perserving its ligand binding 
properties in their entirety. Since the antigenicity of 
a protein is primarily dependent on the nature of its 
surface, the immunogenicity of an xenogenic or 

55 allogenic antibody could be reduced by replacing 
the exposed residues which differ from those usu- 
ally found in another mammalian species anti- 
bodies. This judicious replacement of exterior resi- 
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dues should have little, or no, effect on the interior 
domains, or on the interdomain contacts. Thus, 
ligand binding properties should be unaffected as a 
consequence of alterations which are limited to the 
variable region framework residues. The process is 
refered to as "veneering" since only the outer 
surface or skin of the antibody is altered, the sup- 
porting residues remain undisturbed. 

The procedure for "veneering" makes use of 
the available sequence data for human antibody 
variable domains complied by Kabat et al. f 
"Sequences of Proteins of Immunological Interest", 
4th ed., Bethesda, Maryland: National Institutes of 
Health. 1987, updates to this database, and other 
accessible U.S. and foreign databases (both nu- 
cleic acid and protein). The subgroups into which 
the various sequences have been combined are 
presented in Figures 1-3, indicating the most 
^frequently occurring amino acid at each framework 
^position. Also presented are the sequences of the 
fvarious J-minigenes. The solvent accessibilities of 
^the amino acids, as deduced from the known three- 
dimensional structure for human and mouse anti- 
i body fragments, are included in these figures. 

High resolution X-ray crystallography of the 
j variable domains of the antibodies KOL and J539 
I: have been subjected to extensive refinement be- 
* ginning with the structures available from the Pro- 
tein Data Bank (Bernstein et aJ M J. Mol. Biol. 112 : 
J 535-542 1977; file 2FB4 for KOL and file 2FBJ for 
jj529). The solvent accessibilities were computed 
^as described by Padlan Proteins: Struct. Funct. 
■Genet. 7: (1990). 

j There are two steps in the process of 
"veneering". First, the framework of a first animal 
species, i.e. the mouse, variable domains are com- 
pared with those corresponding frameworks of a 
second animal species, i.e. human. It is intended 
that this invention will allow the antigenic alteration 
of any animal species antibody. The present inven- 
tion is illustrates the conversion of murine antibody 
to human antibody, but this is for illustrative pur- 
poses only. The most homologous human variable 
regions are then compared residue for residue to 
the corresponding murine regions. This will also 
define the human subgroup to which each mouse 
sequence most closely resembles. Second, those 
residues in the mouse framework which differ from 
its human counterpart are replaced by the residues 
present in the human counterpart. This switching 
occurrs only with those residues which are at least 
partially exposed (mE and Ex; Figures 1-3). One 
retains in the "veneered" mouse antibody: its 
CDRs, the residues neighboring the CDRs, those 
residues defined as buried or mostly buried (mB 
and Bu; Figures 1-3), and those residues believed 
to be involved with interdomain contacts (boldface, 
Figures 1-3). 



Human and murine sequences frequently differ 
at the N-terminus of both heavy and light chains. 
The N-termini are contiguous with the CDR surface 
and are in position to be involved in ligand binding. 

s Thus, wisdom would dictate that these murine ter- 
mini be retained in its "veneered" version. 

Finally, repalcement of some amino acid types 
could have a significant effect on the tertiary struc- 
ture or electrostatic interactions of the variable re- 

io gion domains. Hence, care should be exercised in 
the replacement of proline, glycine, and charged 
amno acids. 

These criteria and the following procedures are 
used to prepare recombinant DNA sequences 
75 which incorporate the CDRs of a first mammalian 
species, animal, mMAb, both light and heavy 
chains, into a second mammalian species, human, 
appearing frame works that can be used to trans- 
feet mammalian cells for the expression of recom- 
20 binant human antibody with the antigen specificity 
of the animal monoclonal antibody. The present 
invention further comprises a method for construct- 
ing and expressing the altered antibody compris- 
ing: (i) mutagenesis and assembly of variable re- 
25 gion domains including CDRs and mutagenesis 
and assembly of variable region domains including 
CDRs and FRs regions; (ii) preparation of an ex- 
pression vector including at least one variable re- 
gion which upon transfection into cells results in 
30 the secretion of protein sufficient for avidity and 
specificity determinations; and (iii) co-amplification 
of heavy and light chain expression vectors in 
appropriate cell lines. The present invention pro- 
vides recombinant methods for incorporating CDRs 
35 from animal monoclonal antibodies into frameworks 
which appear to be human immunoglobulin in na- 
ture so that the resulting recombinant antibody will 
be either weakly immunogenic or non-im- 
munogenic when administered to humans. Prefer- 
40 rably the recombinant immunoglobulins will be rec- 
ognized as self proteins when administered for 
threapeutic purposes. This method of "veneering" 
will render the recombinant antibodies useful as 
therapeutic agents because they will be either 
45 weakly immunogenic or non-immunogenic when 
administered to humans. The invention is further 
contemplated to include the recombinant conver- 
sion of any animal monoclonal antibody into a 
recombinant "human-appearing" monoclonal anti- 
so body providing that a suitable framework region 
can be identified (as described below). The animal 
monoclones may include, but are not limited to, 
those murine monoclonal antibodies described by 
Van Voorhis et al„ J. Exp. Med. 158: 126-145 
55 (1983) which bind to human leukocytes and the 
appropriate mMAbs produced by hybridomas de- 
posited in the Hybridoma Cell Bank maintained by 
the American Type Culture Collection (ATCC) and 
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described in the ATCC Catalog of Cell Lines 8 
Hybridomas, No. 6, 1988. 

The CDR sequences from the animal mon- 
oclonal antibody are derived as follows. Total RNA 
is extracted from the murine hybridomas, for ex- 
ampe the 1B4 myeloma cells described by Wright 
et ai., Proc. Natl. Acad. Sci. USA 80: 5699-5703 
(1983), the 60.3 cells described by Beatty et aL, J. 
Immunol. 131:2913-2918 (1983), the TS1/18 cells 
described by Sanchez-Madrid et a!., J. Exp. Med. 
158: 1785-1803 (1983), and other anti-CD18 or 
CD11 monoclonal antibodies and hybridomas as 
described in Leukocyte Typing 111, Springer-Verlag. 
New York (1988), using standard methods involving 
cellular solubilization with guanidinium 
isothiocyanate (Chirgwin et al., Biochem. 18: 5294- 
5299 [1979]).The murine 1B4 mMAb will be used 
as the primary example of animal MAb that can be 
"veneered" by the unique process being disclosed. 
The invention is intended to include the conversion 
of any animal immunoglobulin to a "human-appear- 
ing" immunoglobulin. It is further intended that 
"human-appearing" immunoglobulin (Ig) can con- 
tain either kappa or lambda light chains or be one 
of any of the following heavy chain isotypes (alpha, 
delta, epislon, gamma and mu). 

Pairs of degenerate oligodeoxynucleotide prim- 
ers (Figure 4) representing sequences within 
framework 1 of the murine kappa light chain vari- 
able region and light chain constant domain, or 
those within framework 1 of the murine lgG2a 
heavy chain variable region and heavy chain con- 
stant CH1 domain are synthesized on an Applied 
Biosystem 381 A DNA synthesizer, removed from 
the resin by treatment with concentrated NHU0H 
and desalted on a NAP-5 column eluted with H2O. 
Total RNA, about 2 ug, is reverse transcribed for 
30 min at 42 *C using Moloney MLV reverse tran- 
scriptase, about 200 units (BRL), and about 10 
pmoles of the constant region complementary 
strand primers for either the heavy or light chain. 
The reverse transcriptase is heat inactivated, about 
95 • C for about 5 min, and the reactions are made 
to contain in about 100 ul of PCR buffer about 50 
pmoles of each of the paired primers and and 2.5 
units of Taq polymerase. About 45 cycles of am- 
plification (2\ 94' C; 2\ 55* C; 2* 72* C) are 
followed by gel purification of the anticipated 400 + 
base pair (bp) DNA fragments. Prior to subcloning 
those ON As into a blunt-ended intermediate pias- 
mid such as pSP72 (Promega) they are terminally 
phosphorylated using T4 polynucleotide kinase. 
Multiple clones representing these PCR amplified 
sequences are grown and submitted to DNA se- 
quence determinations using Sequenase® and T7 
and SP6 specific sequencing primers. A unique 
DNA sequence representing a murine lgG2a heavy 
chain variable region is obtained by analysis of the 



derived amino acid sequences. Replacement of the 
"murine-appearing" framework residues with those 
residues compatible with a human variable region 
is accomplished utilizing the following unique pro- 
5 cesses. An appropriate human framework is deter- 
mined utilizing the criteria discussed below. The 
light chain variable region framework with sufficient 
homology to the the m1B4 framework was deter- 
mined to be the human LEN framework (FR). The 
70 Len FR shows a similarity of 90% and an identity 
of 81% when compared to murine 1B4. This se- 
quence, with its leader, 3' intronic sequences and 
engrafted m1B4 CDRs had been subcloned into 
the intermediate vector pGEM3Z (Promega), as 
is described in Daugherty et al. Nucleic Acids Res. 
19: (1991). About eight oligodeoxynucleotide prim- 
ers (Figure 5) are synthesized representing the 
primers necessary to generate by polymerase 
chain reaction (PCR) amplification four DNA frag- 
20 ments. Incorporated into all but the terminal 
oligodeoxynucleotide primers were those se- 
quences corresponding to the veneered MAb 1B4 
light chain, with its unaltered CDRs, and at least 15 
bases of S'-terminal complementarity to allow for 
25 the subsequent PCR- directed recombination of 
these four fragments. For the purposes of exem- 
plifying the "veneering" process the LEN light 
chain variable region already containing an eng- 
rafted set of CDRs representing those within the 
30 light chain of murine 1 B4 was used as the template 
into which mutations were placed so as to; easily 
create the "veneered" framework sequence. The 
appropriate primer pair (S1 & V9, V10 & V11, etc.), 
about 50 pmole each, was combined with about 10 
35 ng of plasmid DNA representing the LEN CDR- 
grafted framework, about 2.5 units of Taq DNA 
polymerase and about twenty-five (25) cycles of 
PCR amplification ensued (cycle periods: 1\ 94* 
C; 1\ 55 • C; 2* 72* C). The products of the four 
40 reactions, purified by agarose gel electrophoresis, 
are combined, about 10 ng of each DNA fragment, 
along with terminal oligodeoxynucleotide primers 
(A1 &A2, Figure 6) and Taq DNA polymerase. The 
combined fragments were PCR amplified (25 cy- 
45 cles of: 2', 94* C; 2', 55* C; 2* 72* C). Following 
restriction endonuclease digestion with Hind 111 and 
Xba I the amplified DNA is purified by agarose gel 
electrophoresis and subcloned into compatible 
sites of an intermediate vector pSP72 (Promega) 
so which contains the human kappa light chain con- 
stant region (see Figure 7). Genomic DNA, about 1 
ug, purified from a human B ceil line (GM0108A: 
NIGMS Human Genetic Mutant Cell Repository, 
Institute for Medical Research, Camden, NJ) is 
55 used as a template for PCR amplification (Figure 4) 
of about a 920 base pair fragment containing the 
splice acceptor for the kappa light chain constant 
domain, the exon and a portion of its 3Vuntran- 
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slated region. The PGR product is purified by 
agarose gel electrophoresis, digested with Bam H1 
endonuclease. and subcloned into pSP72 previous- 
ly linearized with Bam HI. The individual clones 
representing the pSP72 intermediate vector con- 
taining both the 1B4 "veneered" light chain vari- 
able region and the human kappa constant region 
derived by PGR amplification of human DNA are 
used to determine the DNA sequence of the 
"veneered" light chain varisble region. 

The "veneered" heavy chain portion of the 
recombinant antibody is derived from the mutated 
version of the marine 1B4 heavy chain variable 
region fused to the human constant region of a 
gamma 4 subtype obtained from a lambda library 
constructed by Flanagan and Rabbits, Nature 300: 
709-71 3 (1 982). The variable region of the 
"veneered" heavy chain is constructed from five 
DNA fragments representing a signal sequence, 
j portions of the mutated murine heavy chain van- 
Table region, and an intronic sequence (Figure 8). 
iOligodeoxynucleotide primer pairs (Figure 5) are 
synthesized representing the primers necessary to 
generate by PCR amplification these five DNA frag- 
ments from about 10 ng of plasmid DNA template 
^ obtained from a pSP72 intermediate vector contain- 
t ing the heavy chain variable region previously used 
to determine the murine 1B4 CDR sequence. Am- 
plification of the signal fragment, variable region 
• fragments, and intron-containing fragment was as 
i described above. The agarose gel purified products 
"lare combined, about 10 ng of each product, with 
terminal oligodeoxynucleotide primer pairs (Figure 
" ; 8) and the PCR-generated in vitro recombined tem- 
plate is amplified using the standard procedures - 
described above. Prior to subcloning into a Hind HI 
and Bam HI digested expression vector containing 
the human heavy chain gamma 4 constant region 
(Figure 9), this recombined product is similarly 
digested and agarose gel purified. Individual clones 
are submitted to DNA sequence determination us- 
ing Sequenase® and T7 and SP6 specific sequen- 
cing primers and one is chosen for subsequent 
expression. The gamma 4 heavy chain constant 
region is subcloned as about a 6.7 Kb Hind 111 
fragment derived from the plasmid pAT84 into the 
Kind III site of the intermediate vector pSP72. This 
plasmid is then used as the template DNA from 
which a shortened version of the gamma 4 con- 
stant region is subcloned using PCR amplification 
and the primer pairs indicated in Figure 4. 
Eukaryotic expression vectors are constructed as 
described below. 

Expression vectors are defined herein as DNA 
sequences that are required for the transcription of 
cloned copies of genes and the translation of their 
mRNAs in an appropriate host. Such vectors can 
be used to express eukaryotic genes in a variety of 



hosts such as bacteria, blue-green algae, plant 
cells, yeast cells, insect cells and animal cells. The 
immunoglobulins may also be expressed in a num- 
ber of virus systems. Specifically designed vectors 
s allow the shuttling of DNA between host such as 
bacteria-yeast or bacteria-animal cells. An appro- 
priately constructed expression vector should con- 
tain: an origin of replication for autonomous replica- 
tion in host cells, selectable markers, a limited 
io number of useful restriction enzyme sites, a poten- 
tial for high copy number, and strong promoters. A 
promoter is defined as a DNA sequence that 
directs RNA polymerase to bind to DNA and initiate 
RNA synthesis. A strong promoter is one which 
is causes mRNAs to be initiated at high frequency. 
Expression vectors may include, but are not limited 
to, cloning vectors, modified cloning vectors, spe- 
cifically designed plasmids or viruses. The heavy 
chain immunoglobulin molecule is transcribed from 
20 a plasmid carrying the neomycin (G418) resistance 
marker while the light chain immunoglobulin is tran- 
scribed from a plasmid carrying the hygromycin B 
resistance marker. With the exception of the drug 
resistance portion of these plasmids they are iden- 
25 tical. The preferred progenitor of the im- 
munoglobulin expression vectors is the pD5 
(Berkner and Sharp. Nucl. Acids Res. 13: 841-857 
[1985]) eukaryotic expression vector which contains 
the origin of adenovirus replication, the SV40 en- 
30 hancer domain, the adenovirus major late promoter, 
the adenovirus 2 tripartite leader, a 5' splice donor 
from the adenovirus third leader and a 3' splice 
acceptor derived from an immunoglobulin locus, a 
multiple cloning site placed in the Bam H1 site 
35 subsequent to receipt of the vector, and the SV40 
late polyadenylation signal (Figure 10). The origin 
of replication is removed by digestion with Eco R1 
and Kpn I and replaced by two fragments repre- 
senting the neo selectable marker gene (derived 
40 from plasmid pCMVIE-AK1 -DHFR as an Eco 
R1/Bam H1 about 1.8 Kb fragment) and the Ig 
heavy chain enhancer (obtained as a PCR am- 
plified fragment using human DNA as the template, 
and the oligodeoxynucleotides listed in Figure 4 as 
45 the primer pair, following its digestion with Bgi II 
and Kpn 1). The resultant expression vector is 
found to lack a small portion of the TK promoter 
responsible for the transcription of the neomycin 
gene. This is replaced by insertion into the Eco Rl 
so site about a 0.14 Kb PCR amplified fragment de- 
rived from the CMVIE-AK1-DHFR DNA using the 
primer pair listed in Figure 4. The resultant heavy 
chain expression vector (p8941) is modified by 
removal of the indicated Hind 111 and Xba I sites 
55 using standard procedures. To convert this vector 
into one expressing the hyg romycin B selectable 
marker trie neomycin-resistance cassette is re- 
moved by digestion first with Eco R1 followed by 
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DNA polymerase-directed fill in of the 5* overhand, 
then subsequent Sal I digestion. The about 1 .9 Kb 
hygromycin B expression cassette, TK promoter 
and TK polyadenylation signal flanking the hyg- 
romycin B gene, (obtained as a 1.8 kb Bam HI 
fragment in plasmid pL690. Gritz and Davies, Gene 
25: 179-188 [1981]) is removed from the plasmid 
pAL-2 by Bam H1 digestion and subcloned into the 
Bam H1 site of the intermediate vector pSP72. The 
hygromycin B cassette is removed from this vector 
by digestion with Sma I and Sal I and cloned into 
the expression vector linearized as described 
above to create a blunt end and Sal I end DNA 
fragment (Figure 11). 

Expression of the 1B4 "veneered" kappa light 
chain is accomplished by transferring this cistron 
from the pSP72-based intermediate cloning vector 
(p8952), containing the human kappa constant re- 
gion, to the hygromycin B selectable eukaryotic 
expression vector (Figure 7). An about 1.5 kb DNA 
fragment resulting from the endonuclease digestion 
of p8952 with Spe I and Cla I is purified by agarose 
gel electrophoresis and ligated into the expression 
vector which has previously been linearized, follow- 
ing digestion with the same two restriction en- 
zymes, and agarose gel purified. The heavy chain 
eukaryotic expression vector is constructed in two 
steps. First the p8950 vector containing the modi- 
fied heavy chain variable region of murine 1B4 
fragment is digested with Bgl II and Bam H1 . The 
agarose gel purified 0.75 kb fragment is ligated into 
the Bam H1 site of the p8941 vector and recom- 
binant clones containing this fragment in the proper 
orientation are identified. Plasmid DNA from one 
such clone is linearized by Bam H1 digestion and 
ligated with a 1.78 Kb Bam H1 fragment represent- 
ing a shcrt version of the human gamma 4 constant 
region, derived from plasmid pAT84 by PCR am- 
plification. Following the identification of clones 
containing these inserts in the appropriate orienta- 
tion, plasmid DNAs (one which is referred to as 
p8953) are grown and purified for transfection into 
recipient mammalian cells. Equal amounts, about 
10 ug, of the plasmids encoding the 184 
"veneered" lgG4 heavy chain and the 1B4 
"veneered" kappa light chain are transfected by 
standard calcium phosphate precipitation proce- 
dures into the monkey kidney cell line CV-1P or 
the human embryonic kidney cell line 293. The 
culture supernants, assayed by a trapping ELISA 
(described below), were found to contain a human 
kappa light chain / human lgG4 immunoglobulin. 
lmmulon-2 (Dynatech Labs.) 96-weli plates are 
coated overnight with about a 5 ug/ml solution of 
mouse anti-human kappa chain constant domain 
monoclonal antibody (cat. #MC009, The Binding 
Site, Inc., San Diego, CA) in about 0.1 M NaHCCb 
buffer (pH 8.2) at about 4* C. and blocked with 



about 1% bovine serum (BSA) in about 0.1 M 
NaHC03 for about 1 hour at about 25 * C. After this 
and all subsequent steps, washing was performed 
with phosphate buffered saline (PBS). The wells 

s are then challenged with conditioned medium con- 
taining recombinant anti-CD18 antibody, or with 
predetermined quantities of human lgG4/kappa pu- 
rified by protein A Sepharose (Pharmacia Fine 
Chemicals) chromatography from human lgG4 

70 myeloma serum (cat. # BP026. The Binding Site, 
Inc.) All samples are diluted in PBS containing 
about 0.05% Tween-20. About 100 u1 aliquots are 
incubated for about 1 hour at about 37* C in 
triplicate, and standard calibration curves are con- 

75 structed using lgG4 concentrations ranging , from 
about 10 ng/ml to about 100 ng/ml. Bound and fully 
assembled human lgG4 (either native or the re- 
combinant 1B4 human "veneered" lgG4 con- 
structs) are detected with about 100 m aliquots of 

20 a 1:500 dilution of mouse anti-human igG4 Fc 
monoclonal antibody conjugated to alkaline 
phosphatase (cat #05-3822, Zymed Laboratories, 
Inc.) in phosphate buffered saline (PBS) containing 
about 1 % BSA After incubation for about 1 hour 

25 at about 37* C and subsequent washing, the quan- 
tities of bound conjugate are detected by incubat- 
ing all samples with a 1 mg/ml solution of p- 
nitrophenyl phosphate in 0.1 M 2,2* amino methyl- 
propanediol buffer, pH 10.3, for about 30 minutes 

30 at about 25* C. The adsorbance of the wells is 
determined with a UV Max EUSA plate reader 
(Molecular Devices) set at 405 nm. The antibody 
secreted by the transfected human 293 celts or 
monkey kidney CV1 P cells, either following tran- 

35 sient expression or subsequent to stable clone 
isolation, is isolated by protein A chromatography, 
the concentration of recombinant human anti-CD 18 
antibodies determined by the trapping Elisa de- 
scribed above, and used to compete with the bind- 

40 ing of radiolabeled murine 1B4 to the CD18 ligand 
on the surface of activated human PMNs. Affinities 
of r-anti-CD18 antibody constructs are determined 
using a competitive 125 1-1 B4 soluble binding assay 
with stimulated human polymorpho-nuclear leuko- 

45 cytes (PMNs). Purified murine anti-CD18 mon- 
oclonal antibody (50 ug) is iodinated using 
chloramine-T (Hunter, W.M. and Greenwood, F.C., 
Nature 194: 495-496, 1962), and the radiolabeled 
antibody purified using a Bio-Sii TSK250 (Biorad, 

so Richmond, CA) gel filtration HPLC column (which 
fractionates proteins in the range of 1-300 x 103 
dattons) equilibrated in 0.1 M phosphate buffer, pH 
7.0. Effluent radioactivity is monitored with an in- 
line detector (Beckman Model 170; Beckman, Ful- 

55 lerton.CA) and total protein measured at OD280 
with a Kratos Spectroflow 757 detector (Kratos, 
Mawah, N.J.). A single 125 1-1 B4 peak composed of 
coincident OD280 and radioactivity tracings char- 
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acteristically elutes at about 6 minutes. 30 seconds 
following sample injection. Specific activity of the 
product is generally about 10 uCi/ug protein, and 
97-99% of the counts are precipitable with 10% 
trichloroacetic acid. The binding of this radiolabeled 
antibody is assessed on human PMNs purified on 
a discontinuous Ficoll/Hypaque gradient (English, 
D. and Anderson, B.R., J. Immunol. Methods 5: 
249-255, 1974) and activated with about 100 ng/ml 
phorbol myristate acetate for about 20 minutes at 
about 37* C (Lo et al. ( J.Exp. Med. 169: 1779-1793, 
1989). To determine the avidity of antibodies for 
CD18 molecules on the PMN surface, about 1 x 
10 s activated PMNs are incubated in a buffer such 
as Hanks balanced salt solution containing about 
20 mM Hepes (pH 7.2), about 0.14 units aprotinin 
(Sigma Chemical Co.) and about 2% human serum 
albumin (binding buffer) containing about 1.3 ng 
^ 12S 1-1B4 (2.8 x 10~ 11 M) in the presence of increas- 
Mng concentrations of unlabeled 1B4 antibody 
^about 10" 7 to 10- 15 M) in about a 300 ul reaction 
y\olume for about 1 hour at about 4* C with constant 
jUagitation. Cell bound 1B4 is separated from the 
rlunbound antibody by centrifugation through a 0.5 
f5|M sucorse cushion ( 4,800 xg, 3 minutes); the 
f^tubes are frozen on dry ice, and the tips cut off and 
recounted with an LKB gamma counter. The ICso of 
^the anti-CD18 antibody for the inhibition of ,2S I-1B4 
^antibody binding is calculated using a four param- 
Ceter fitter program (Rodbard et al.. In, 
^"Radioimmunoassay and Related Procedures in 
pMedicine", International Atomic Energy Agency, Vi- 
menna, vol 1.469 - 504, 1978). The affinity of the 
^"veneered" r-anti-CD18 antibody for the CD18 
JSligand is determined in a similar manner using 
^murine 125 1-1 B4 antibody and increasing quantities, 
as determined by the trapping Elisa, of unlabeled r- 
anti-CD18. The results of the binding assays are 
shown in Figure 13 and indicate that the avidity of 
the "veneered" recombinant 1 B4 antibody is equal 
to that of the murine 1B4 monoclonal antibody. 
This result shows that an antibody with presump- 
tive human isotype may be recombinants con- 
structed from the murine parent antibody by the 
introduction of numerous point mutations in its 
framework residues and expressed fused to human 
kappa and gamma 4 constant domains without loss 
in avidity for the antigen, it can be inferred from 
this result that the point mutations within the frame- 
work regions do not alter the presentation of the 
murine 1 B4 light chain , and heavy chain CDRs. 
Many of the examples of construction of recom- 
binant human antibodies containing complemen- 
tarity regions replaced by those found within 
murine monoclonal antibodies have resulted in loss 
of avidity for the ligand or antigen. Thus, although 
these latter transmutations are possible, the suc- 
cessful maintenance of avidity is not assured. This 



procedure described above demonstrates that 
when strict attention is payed to the framework 
regions, and the nature of the amino acids within 
each framework, "humanization" may potentially be 

5 achieved without the loss of avidity which accom- 
panies the transfer of CDRs to the "generic" hu- 
man frameworks ("humanization") employed by 
Winter, European Patent Publication No. 239,400, 
published September 30, 1987. 

w To identify human framework sequences com- 
patible with the CDRs of, say, murine 1B4, human 
frameworks with a high degree of sequence simi- 
larity to those of murine 1B4 are identified. Se- 
quence similarity is measured using identical resi- 

75 dues as well as evolutionary conservative amino 
acid substitutions. Similarity searches are per- 
formed using the murine 1 B4 framework sequence 
from which the CDR sequences had been re- 
moved. This sequence is used to query a database 

20 of human immunoglobulin sequences that had 
been derived from multiple sources. Sequences 
with a high degree of sequence similarity are ex- 
amined individually for their potential as humaniz- 
ing framework sequences. In this way, the human 

25 homologue providing the murine CDRs with the 
structure most similar to their native murine frame- 
work is selected as the template for the construc- 
tion of the "veneered" variable regions (Figure 12). 
Should human frameworks of sufficient similarity 

30 not be identifiable from compiled sequences, it is 
possible to isolate from human genomic DNA a 
group of closely related variable regions using re* 
combinant technology. Thus, a degenerate 5' up- 
stream oligodeoxynucleotide primer may be de- 

35 signed from the conserved sequences within the 
amino-terminus of each of the various human FR1 
regions and paired with a degenerate 3' down- 
stream oligodeoxynucleotide primers fashioned 
from the FR sequence determined from the murine 

40 monoclonal whose CDRs one wishes to transfer 
into a human context. These primer pairs are then 
used to PCR amplify from a human genomic tem- 
plate those DNA sequences which are flanked by 
the primer pair. The resulting DNAs may then be 

45 cloned and the DNA sequence derived from in- 
dividual members will describe various murine-re- 
lated human variable regions. The paucity of so- 
matic mutations in framework residues and the 
conservation of amino acid sequence between 

so mouse and man make this approach possible. 

The construction of a complete recombinant 
human lgG4 antibody, whose heavy and light chain 
variable domains contain the CDR residues of the 
murine monoclonal antibody, with complete reten- 

55 tion of the specificity and avidity of the parent 
murine monoclonal antibody is disclosed. The con- 
struction of the "veneered" light chain framework 
derived from the human sequence of LEN fused 
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with a human kappa light chain constant region is 
described above. The murine variable region 
framework sequence, devoid of CDR sequences, is 
used to query a database of complete human vari- 
able region sequences. The human sequences that 
are most similar to the murine framework region 
are then analyzed individually to determine both 
their sequence identity and similarity to the murine 
framework region. In the case of murine 1 B4 these 
sequences include, but are not limited to, "Gar, 
chosen because of its high degree of both similar- 
ity and identity with the 1 B4 heavy chain sequence. 
The Gal FR has been found to be 85% similar and 
79% identical to murine 1B4. These values are 
based upon the Dayhoff similarity matrix of 
evolutionary conserved amino acid substitutions 
{R. M. Schwartz, M. O. Dayhoff, in Atlas of Protein 
sequence and structure M. 0. Dayhoff, Eds. 
(National Biomedical Research Foundation, Wash- 
G ington, DC [1979]) (Figure 12). To prepare a re- 
*5 combinant DNA encoding the murine heavy chain 
IF CDRs in the context of a human-appearing frame- 
b h work the following procedures are performed. A set 
C of ten short oligodeoxynucleotides are synthesized. 
S Each pair is combined in a separate PCR reaction 
with the DNA template representing the murine 
J?J 1B4 heavy chain variable region, amplified and 
^ isolated following PCR of the RNA of the murine 
L. hybridoma 1B4 as described above. Thus, about 
^ 50 pmole of each primer pair was combined with 
^ about 10 ng of plasmid DNA representing the 

0 murine 1 B4 heavy chain variable region, about 2.5 

01 units of Taq DNA polymerase and about twenty- 
•T: five (25) cycles of PCR amplification ensued (cycle 
£ periods: 1\ 94*C; 1', 55*C; 2 72*C). The pro- 
ducts of the five reactions (Figure 8) encoded por- 
tions of the 1 B4 heavy chain variable region, begin- 
ning with the signal peptide encoding region and 
ending with the 3* intronic sequence which resides 
between the variable region coding domain and the 
lgG4 constant region sequence, with the desired 
point mutations to create a "veneered" variable 
region framework. These five fragments are puri- 
fied by agarose gel electrophoresis, combined, 
about 10 ng of each DNA fragment, along with 
terminal oligodeoxynucleotide primers (A1 &A2, 
Figure 5) and Taq DNA polymerase. The combined 
fragments were PCR amplified (25 cycles of: 2\ 
94 *C; 2\ 55 *C; 2' 72 *C). By virtue of the com- 
plementary ends of the five fragments, the 
polymerization/denaturation/polymerization cycles 
of the polymerase chain reaction result in the for- 
mation, and subsequent amplification, of the com- 
bined sequences. Following 25 cycles of amplifica- 
tion the combined 0.8 Kb fragment is elec- 
trophoreticaliy purified from an agarose gel and 
was digested with restriction enzymes Spe I and 
Bam Hi. Following agarose gel electrophoresis, the 



purified DNA fragment is ligated into the heavy 
chain expression vector, p8958 (see Figure 9), in 
place of the chimaeric variable region existing in 
this vector. Each "veneered" variable region, with 

5 its associated human constant region, residing 
within a pD5-based expression vector plasmid was 
co-transfected into 293 cells and CV1 P cells and 
recombinant human antibody is found to be 
present in the conditioned medium 48 hours post 

10 transfection. The "veneered" recombinant antibody 
is isolated by protein A chromatography. The avid- 
ity of this antibody for the CD18 ligand displayed 
on the surface of activated human PMNs is com- 
pared with that of the murine 1B4 monoclonal 

75 antibody parent. Figure 13 shows that although 
each antibody contains the same set of six CDRs 
within different framework domains, they ex- 
hibitidentical avidity for the ligand. Thus, the avidity 
of an antibody molecule does not rely upon the 

20 variable region framework residues which are sur- 
face exposed, rather the proper structure in which 
the CDRs are presented must be significantly influ- 
enced by the buried and inter/intra active residues. 
The parent murine monoclonal antibody demon- 

25 strates an ICso of about 1.0 to about 0.7 nM, the 
"veneered" molecule has a similar ICso. 

This invention further relates to a method of 
inhibiting the influx or migration of leukocytes ca- 
pable of expressing CD18 antigen (leukocyte integ- 

30 tin, beta subunit) on their surface into a site of 
inflammation or a tissue area or organ that will 
become inflamed following an influx of the^ cells. 
The inflammation which is the target of the method 
of the present invention may result from an infec- 

35 tion with pathogenic microorganisms such as gram- 
positive and gram-negative bacteria, parasites and 
fungi. The response may also be induced by 
viruses and non-infectious means such as trauma 
or reprefusion following myocardial infarction or 

40 stroke, immune responses to foreign antigen and 
autoimmune responses. The recombinant human 
anti-CD18 antibodies are useful in the treatment of 
inflammation in lung, central nervous system, kid- 
ney, joints, endocardium, eyes, ears, skin, gastroin- 

45 testinal tract and urogenital system. Disease states 
in which the recombinant human anti-CD18 anti- 
bodies are useful as therapeutic agents include, but 
are not limited to: infectious diseases where active 
infection exists at anybody site, such as meningitis; 
so conditions such as chronic or acute secondary 
inflammations caused by antigen deposition; and 
other conditions such as, encephalitis; arthritis; 
uveitis; colitis; glomerulonephritis; dermatitis; psori- 
asis; and respiratory distress syndrome associated 
55 with sepsis and/or trama. Other inflammatory dis- 
eases which may be responsive to recombinant 
human anti-CD18 antibody include, but are not 
limited to, immune disorders and conditions involv- 
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ing T-cell and/or macrophage 

attachment/recognition, such as acute and delayed 
hypersensitivity, graft vs. host disease; primary 
autoimmune conditions such as pernicious anemia; 
infection related autoimmune conditions such as 
Type I diabetes mellitis; flares during rheumatoid 
arthritis; diseases that involve leukocyte diapedesis, 
such as multiple sclerosis; antigen-antibody com- 
plex mediated diseases including certain of the 
secondary infection states listed above; im- 
munosuppression; and transplant rejection. Inflam- 
matory conditions due to toxic shock or trauma 
such as adult respiratory distress syndrome and 
reperfusion injury; and disease states due to 
leukocyte dyscrasias and metastasis, are included 
within the scope of this invention. The present 
invention is also applicable to the inhibition of 
leukocyteendothelial attachment for diagnostic and 
^therapeutic purposes; such as the iatrogenic open- 
« ing of the endothelium to prevent the ingress of 
^leukocytes during the ingress of a therapeutic drug 
CPin the instance of chemotherapy; or to enhance the 
M harvesting of leukocytes from patients. 

0 Recombinant human anti-CD18 antibodies or 
ffian active fragment thereof can be used to treat the 
f f- above mentioned diseases. An active fragment will 
^include the F(ab*)2, the Fab and any other frag- 
U * ment that can bind to the CD18 antigen. Recom- 
JLbinant human anti-CD18 antibodies can be admin- 
mistered alone for non-infectious disease states or 
y combined with antibiotics or other anti-infective 
C agents for the treatment of infectious diseases for 

01 reasons discussed above. Administration will gen- 
O erally include the antibodies and possibly other 
pi substances in a physiologically acceptable medium 
^ or pharmaceutical carrier. Such physiologically ac- 
ceptable media or phamaceutical carriers include, 
but are not limited to, physiological saline, phos- 
phate buffered saline, phosphate buffered saline 
glucose, buffered saline and the like. The anti- 
bodies and any anti-infective agent will be admin- 
istered by parenteral routes which include intra- 
venous, intramuscular, subcutaneous and in- 
traperitoneal injection or delivery. The amount of 
the antibodies and the mixture in the dosage form 
is dependent upon the particular disease state be- 
ing treated. The amount of the recombinant human 
anti-CD18 antibody utilized in a dosage form can 
range from about 1 to about 1,000 mg, with a 
range of from about 10 mg to about 100 mg being 
preferred. The antibodies can be administered dai- 
ly or less than daily as determined by the treating 
physician. The following examples illustrate the 
present invention without, however, limiting the 
same thereto. 

EXAMPLE 



Preparation of a "Veneered" Recombinant Anti- 
body 

An antibody was produced in which the vari- 
s able domain of the light chain comprises the frame- 
work region of a murine light chain modified to 
contain surface exposed amino acids of human 
derivation. The variable domain of the heavy chain 
is similarly derived from the murine heavy chain 
10 with point mutations which replace murine exposed 
residues with human-appearing residues. The light 
chain human framework region was derived from 
human myeloma protein LEN. The COR and frame- 
work sequences from the murine monoclonal anti- 
75 body 1B4 which binds to CD18 (the beta subunit of 
the leukocyte integrin B-2 family which includes: 
LFA-1. Mac-t, and p1 50.95) were derived as fol- 
lows. The hybridoma designated 1B4 which pro- 
duces 1B4 monoclonal antibody was deposited un- 
20 der the Budapest Treaty at the International De- 
pository Authority: American Type Culture Collec- 
tion. 12301 Parklawn Drive, Rockville, MD, 20852. 
Viability was determined on June 6,1989 and the 
hybridoma was designated HB 10164. Previous 
25 experiments had determined this antibody to be an 
IgG 2a with a kappa light chain (Wright et al. ( Proc. 
Natl. Acal. Sci. USA 80: 5699-5703 [1983]). 

Total RNA was extracted from the 1 B4 
myeloma cells using standard methods involving 
30 cellular solubilization with guanidinium 
isothiocyanate (Chirgwin et al., Biochem. 18:5294- 
5299 [1 979]). Sets of degenerate oligodeox- 
ynucleotide primers (Figure 4) representing se- 
quences within framework 1 of the murine kappa 
as light chain variable region and kappa light chain 
constant domain, or those within framework 1 of 
the murine lgG2a heavy chain variable region and 
heavy chain constant CH1 domain were synthe- 
sized by standard phosphoramidite procedures on 
40 an Applied Biosystem 381 A DNA synthesizer. Re- 
moval of the oligodeoxy-nucleotides (oligos) from 
the resin was accomplished by treatment with con- 
centrated NhUOH followed by desalting on a NAP- 
5 column (Pharmacia) with H 2 0 elution (when the 
45 oligos were <45 bases in length), or by use of an 
OPC column (Applied Biosystems Inc) with 20% 
acetonitrile elution (when the oligos were >45 
bases in length), as recommended by the manufac- 
turers. Total RNA (2ug) was reversed transcribed 
so for 30* at 42 # C using Moloney MLV reverse tran- 
scriptase (200 units, BRL) and 10 pmoles of the 
constant region complementary strand primers re- 
presenting either heavy or light chain in a buffer 
(final volume of 20 ul) containing 50 mM Tris HCI, 
55 pH 8.3, 75 mM KCI. 3 mM MgCI 2 . 10 mM DTT, 
and 20 units of RNAsin (Pharmacia). The reverse 
transcriptase was heat inactivated (95 *C, 5') and 
the reactions were made to contain in 100uI of 
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PCR buffer (10 mM Tris HCi, pH 8.3. 50 mM KCI. 
1.5 mM MgCI 2 , 0.01% gelatin, 200 uM each 
dNTP), 50 pmoles of each of the paired primers, 
and 2.5 units of Taq polymerase (Perkin 
Elmer/Cetus). Polymerase chain reaction (PCR) 
amplification was carried out essentially as de- 
scribed by Saiki et al.. Science 230: 1350-1354 
(1985) and others (Mullis et al.. Cold Srping Harbor 
Symp. Quant. Biol.51^: 263-273 [1986], Dawasaki 
and Wang. PCR Technology. Princples and Ap- 
plications for DNA Amplification. Erlich, Ed. f Stock- 
ton Press. NY, pp. 89-97 [1989]. Tung et al., ibid, 
pp. 99-104 [1989]). Forty five cycles of amplifica- 
tion by a DNA Thermal Cycler (Perkin Elmer Cetus 
1nstruments)(2\ 94'C; 2\ 55*C; 2 72*0) were 
followed by gel purification of the anticipated 400 + 
base pair (bp) DNA fragments. Prior to subcloning 
the DNAs into a blunt-ended intermediate plasmid 
(pSP72, Promega) they were terminally 
phosphorylated using T4 polynucleotide kinase 
(Boehringer Mannheim). Multiple clones represent- 
ing these PCR amplified sequences were isolated 
form DH5 transformed Exoli plated on LB agar 
plates containing 50 ug/ml ampicillin, grown by 
described procedures (Maniatis et al., Molecular 
Cloning, A Laboratory Manual. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, 1982), plasmid 
DNAs were extracted from the bacteria using the 
DNA preparation procedures of Birnboin and Doly, 
Nucleic Acid Res.7: 1515 (1979). and the double- 
stranded plasmid DNAs were submitted to DNA 
sequence determinations using Sequenase® 
(United States Biochemicals) and T7 and SP6 spe- 
cific sequencing primers (Boehringer Mannheim) 
using the protocols recommended by the manufac- 
turer. A unique DNA sequence representing a 
murine igG2a heavy chain variable region was ob- 
tained, as was a kappa light chain variable region 
sequence. 

To give the final appearance of a "veneered" 
murine light chain, several residues within a tem- 
plate composed of the human LEN framework, into 
which had been grafted the CDRs described for 
1B4, were replaced by corresponding residues 
found in the murine 1B4 light chain framework. 
Replacement of the human LEN variable region 
residues with those unique to MAb 1 B4 took place 
as follows. Eight oligodeoxynucleotides (Figure 5) 
were synthesized representing the primers neces- 
sary to generate by PCR amplification four DNA 
fragments. Incorporated into all but the terminal 
oligodeoxynucleotides were those sequences cor- 
responding to the MAb 1B4 light chain variable 
region framework residues to be point mutated and 
at least 15 bases of SMerminal complementarity 
(see Figure 6). The appropriate primer pair (50 
pmole each) was combined with 10 ng of a 1B4 
CDR-grafted LEN framework-containing plasmid 



DNA, 2.5 units of Taq DNA polymerase, PCR reac- 
tion components and buffer, and twenty-five (25) 
cycles of PCR amplification ensued (cycle periods: 
1\ 94 *C; 1\ 55 *C; 2' 72 *C). The products of the 
5 four reactions, purified by agarose gel elec- 
trophoresis, were combined (10 ng of each DNA 
fragment) along with a terminal oligodeox- 
ynucleotide primer pair (amplifier) (Figures 5 & 6), 
Taq DNA polymerase, PCR reaction components 
to and buffer, and the subsequent recombined frag- 
ments were amplified, as described above, for 
twenty-five (see Figure 6). Following restriction en- 
donuclease digestion with HindlH and Xbal the am- 
plified DNA was purified from an agarose gel and 
75 subcloned into these same sites of an intermediate 
vector pSP72 (Promega) which contained the hu- 
man kappa light chain constant region, obtained as 
follows. DNA (1ug) purified from a human B ceil 
line (GM01018A; NIGMS Human Genetic Mutant 
20 Cell Repository. Institute for Medical Research, 
Camden, N.J. 08103) was used as a template for 
the oligodeoxynucleotide primers described in Fig- 
ure 4 to PCR amplify a 920 base pair fragment 
containing the splice acceptor for the human kappa 
25 light chain constant domain, the exon and a portion 
of its 3*-untranslated region (PCR primer pair 
choice was selected based on the kappa constant 
region sequence described by Hieter et al., Cell 22: 
197-207 (1980). The PCR product was purified by 
30 agarose gel electrophoresis, digested with Bam H1 
endonuclease, and subcloned into pSP72 
(Promega) previously linearized with Bam H1, 

The individual clones representing the pSP72 
intermediate vector containing both the 1B4 
as "veneered" light chain variable region derived as 
described above, and the human kappa constant 
region, derived by PCR amplification of human 
DNA, were used to verify the DNA sequence of the 
"veneered" light chain variable region. The 
40 "veneered" heavy chain portion of the recombinant 
antibody was derived from a point mutated murine 
1B4 heavy chain variable region fused to the hu- 
man constant region of gamma 4 subtype obtained 
from a lambda library constructed by Flanagan and 
45 Rebbitts. Nature 300: 709-713 (1982). 

The variable region of the "veneered" heavy 
chain was constructed from five DNA fragments 
representing a signal sequence, mutated portions 
of the murine 1B4 heavy chain variable region, and 
so an intronic sequence (Figure 8). Oligodeoxy- 
nucleotide primer pairs (Figure 5) were synthesized 
representing the primers necessary to generate by 
PCR amplification these five DNA fragments from 
10 ng of plasmid DNA template containing the 
55 murine 1B4 heavy chain variable region previously 
used to determine the murine 1B4 CDR and frame- 
work sequences. Amplification of the five fragments 
was performed as described above for the four 
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light chain variable region fragments. The agarose 
gel purified products were combined (10 ng of 
each product) with terminal primer pairs (Figure 5) 
and the PCR-generated in vitro recombined tem- 
plate was amplified using the standard procedure 
also described above for recombining the frag- 
ments comprising the "veneered" light chain vari- 
able region. Prior to subcloning into a Hind III and 
Bam HI digested expression vector this recom- 
bined product was similarly digested and agarose 
gel purified. DNA was obtained following growth of 
individual bacterial clones and submitted to DNA 
sequence determination using Sequenase® and T7 
and SP6 specific sequencing primers in order to 
verify the sequence of the reconstructed variable 
region and its flanking domains. 

The gamma 4 heavy chain constant region had 
been subcloned as a 6.7 Kb Hind III fragment 
derived from the plasmid pAT84 (Flanagan and 
Qtebbitts, supra)into the Hind 111 site of the inter- 
mediate vector pSP72 (Promega). This plasmid 
ffwas then used as the template ONA from which a 
Shortened version of the gamma 4 constant region 
r^was obtained using the standard PGR amplification 
^procedures described above and the primer pairs 
fljndicated in Figure 4. Eukaryotic expression vec- 
tors were constructed as described below such that 
^4he heavy chain immunoglobulin molecule was 
s transcribed from a plasmid carrying the neomycin 
QG418) (Rothstein and Reznikoff. Cell 23: 191-199 
\J1981J) resistance marker, while the light chain 
rimmunoglobulin was transcribed from a plasmid 
^carrying the hygromycin B resistance marker (Gritz 
.land Davies. Gene 25: 179-188 [19831). With the 
^exception of the drug resistance portion of these 
—plasmids they are identical. 

The progenitor of the immunoglobulin expres- 
sion vectors was the pD5 eukaryotic expression 
vector (Berkner and Sharp, Nucl. Acids Res. 13: 
841-857 [1985]) which contained the origin of ad- 
enovirus replication, the SV40 enhancer domain, 
the adenovirus major late promoter, the adenovirus 
2 tripartite leader, a 5* splice donor from the ad- 
enovirus third leader and a 3* splice acceptor de- 
rived from an immunoglobulin locus, a multiple 
cloning site, and the SV40 late polyadenylation 
signal (Figure 10), The origin of replication was 
removed by digestion with Eco R1 and Kpn I and 
replaced by two fragments representing the neo 
selectable marker gene (derived from plasmid 
pCMVIE-AKI-OHFR (Silberkiang et al. Modern Ap- 
proaches to Animal Cell Technology, Ed. Spier et 
aU Butterworth, U.K., [1987]) as an Eco R1/Bam 
H1 1.8 Kb fragment) and the Ig heavy chain enhan- 
cer (obtained as a PCR amplified fragment using 
standard procedures described above and human 
DNA as the template; the oligodeoxy nucleotide 
primer pair is listed in Figure 4) following its diges- 



tion with Bgl II and Kpn I. The resultant expression 
vector was found to lack a small portion of the TK 
promoter responsible for the transcription of the 
neomycin gene. This was replaced by insertion into 

5 the Eco Rl site of a 0.14 kb PCR amplified frag- 
ment derived from the CMVIE-AK1 -DHFR DNA us- 
ing the primer pair also listed in Figure 4. The 
resultant heavy chain expression vector was subse- 
quently modified by removal of the indicated Hind 

10 111 and Xba I sites. To convert this neomycin selec- 
table vector into one expressing the hygromycin 8 
selectable marker (Figure 11) the neomycin-resis- 
tance cassette was removed by digestion first with 
Eco R1 followed by DNA polymerase-directed fill in 

75 of the 5' overhang, then subsequent Sal I digestion. 
The 1.9 kb hygromycin 8 expression cassette [TK 
promoter and TK polyadenylation signal flanking 
the hygromycin B gene obtained from Gritz and 
Oavies, Gene 25: 179-188(1983), as the 1.9 kb 

20 Bam H1 fragment in plasmid (pLG90)] was re- 
moved from the plasmid pAL-2 by Bam H1 diges- 
tion and subcloned into the Bam H1 site of the 
intermediate vector pSP72 (Promega). The hyg- 
romycin B cassette was removed from this vector 

25 by digestion with Sma I and Sal I and cloned into 
the expression vector linearized as described 
above to create a blunt end and Sal I end DNA 
fragment 

Expression of the 1B4 "veneered" kappa light 

30 chain was accomplished by transferring this cistron 
from its position within the pSP72 intermediate 
vector to the hygromycin B selectable eukaryotic 
expression vector (Figure 7). A 1.5 kb DNA frag- 
ment resulting from the endonuclease digestion of 

35 v1B4 VK/pSP72 intermediate vector with Spe I and 
Clal was purified by agarose gel electrophoresis 
and ligated into the expression vector which had 
previously been linearized, by digestion with the 
same two restriction enzymes and agarose gel 

40 purified. 

The 1B4 "veneered" heavy chain eukaryotic 
expression vector was constructed in one step 
(Figure 9) from an existing vector previously con- 
structed to express a chimaeric form of the 1B4 

45 heavy chain. The "veneered" heavy chain variable 
region created by PCR amplifcation (Figure 8) was 
digested with Hind 111 and Bam HI. The agarose 
gel purified 0.8 kb fragment was ligated into the 
Hind 111 and Bam HI sites of the pD5/lgH- 

so Enhancer/Neo/1 B4 VH-Short Human C-Gamma 4 
expression vector following its endonuclease diges- 
tion with these two enzymes and subsequent pu- 
rification by agarose gel electrophoresesis (Figure 
9). Transformants containing both variable and con- 

55 stant regions were identified. Plasmid DNAs were 
grown (Maniatis et al., supra) and purified for trans- 
fection into recipient mammalian cells (Maniatis et 
al., supra; Birbion and Doly, supra.). ~~ 
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Equal amounts (10ug) of the plasmids encod- 
ing the "veneered" igG4 heavy chain and the 
"veneered" kappa light chain were transfected by 
standard calcium phosphate precipitation proce- 
dures into human 293 cells and african green mon- 
key, kidney CV-1P cells. The culture supernatant 
fluids were assayed by a trapping Elisa (described 
below) for the secretion of a human kappa light 
chain containing lgG4 immunoglobulin. 

An Elisa was developed for the quantitation of 
the amounts of a 1B4 recombinant antibody ex- 
pressed in conditioned mammalian cell growth me- 
dium. lmmulon-2 (Oynatech Labs.) 96-well plates 
are coated overnight with a 5ug/ml solution of 
mouse anti-human k chain constant domain mon- 
oclonal antibody (cat. #MC009, The Binding Site, 
Inc., San Diego. CA) in 0.1 M NaHCOs buffer (pH 
8.2) at 4*C, and blocked with 1% bovine serum 
(BSA) in 0.1 M NaHCOs for 1h at 25 # C. After this 
4f and all subsequent steps, washing was performed 
with phosphate buffered saline (PBS). The wells 
0^ are then challenged with conditioned medium con- 
taining recombinant anti-CD18 antibody, or with 
predetermined quantities of human lgG4 purified 
8? by protein A Sepharose (Pharmacia Fine Chemi- 
="1 cals) chromatography from human lgG4 myeloma 
S serum (cat. # BP026 f The Binding Site, Inc.). All 
k% * samples are diluted in PBS containing 0.05% 
!L Tween-20. 100ul aliquots are incubated for ih at 
O 37 'C in triplicate, and standard calibration curves 
" , ^ are constructed using lgG4 concentrations ranging 
D from 10 ng/ml to 100 ng/ml. Bound and fully as- 
Eft sembled human lgG4 (either native or recombinant 
Q *veneered*1B4 human lgG4 constructs) are de- 
? f tected with 100ul aliquots of a 1:500 dilution of 
~ mouse anti-human lgG4 Fc monoclonal antibody 
conjugated to alkaline phosphatase (cat #05-3822, 
Zymed Laboratories, Inc.) in phosphate buffered 
saline (PBS) containing 1% BSA After incubation 
for 1h at 37 *C and subsequent washing, the quan- 
tities of bound conjugate are detected by incubat- 
ing all samples with a 1 mg/ml solution of p- 
nitrophenyl phosphate in 0.1 M 2,2'amino-methyl- 
propanediol buffer, pH 10.3, for 30 min at 25 *C. 
The adsorbance of the wells is determined with a 
UV Max ELISA plate reader (Molecular Devices) 
set at 405 nm. Ail supernatant fluids contain this 
immunoglobulin, though in various amounts. The 
antibody secreted by the transfected 293 cells is 
concentrated by protein A chromatography and the 
concentrations of the recombinant human 
•Veneered" anti-CD18 antibody determined by the 
trapping Elisa described above, is used to compete 
with the binding of radiolabeled murine 1 B4 to the 
CD18 ligand on the surface of activated human 
PMNs. Affinities of various anti-CD18 antibody con- 
structs are determined using a competitive 12S I- 
m1B4 soluble binding assay with stimulated human 



polymorphonuclear leukocytes (PMNs). Purified 
murine anti-CD18 monoclonal antibody (50 ug; 
m1B4) is iodinated using chloramine-T (Hunter, 
W.M. and Greenwood, F.C., Nature 194: 495-496, 

s 1962), and the radiolabeled antibody purified using 
a Bio-Sil TSK250 (Biorad. Richmond, CA) gel filtra- 
tion HPLC column (which fractionates proteins in 
the range of 1-300 x 10 3 daltons) equilibrated in 
0.1 M phosphate buffer, pH 7.0. Effluent radioactiv- 

70 ity is monitored with an in-line detector (Beckman 
Model 170; Beckman, Fullerton.CA) and total pro- 
tein measured at OD2B0 with a Kratos Spectroflow 
757 detector (Kratos, Mawah, N.J.). A single ,2S I- 
m1B4 peak composed of coincident OD280 and 

15 radioactivity tracings characteristically elutes 6 min- 
utes, 30 seconds following sample injection. Spe- 
cific activity of the product is generally about 
10uCi/ug protein, and 97-99% of the counts are 
precipitable with 10% trichloroacetic acid. The 

20 binding of this radiolabeled antibody is assessed 
on human PMNs purified on a discontinuous 
Ficoll/Hypaque gradient (English, D. and Anderson, 
B.R.. J. Immunol. Methods 5: 249-255, 1974) and 
activated with 100 ng/ml phorbol myristate for 20 

25 minutes at 37* C (Lo, et aL. J. Exp. Med. 169: 
1779-1793. 1989). To determine the avidity of anti- 
bodies for CD18 molecules on the PMN surface, 
about 1 x 10 s activated PMNs are incubated in a 
buffer such as Hanks balanced salt solution con- 

30 taining 20 mM Hepes (pH 7.2), 0.14 units aprotinin 
(Sigma Chemical Co.) and 2% human serum al- 
bumin (binding buffer) containing 1.3 ng 125 l-m1B4 
(2.8 x 10" 11 M) in the presence of increasing con- 
centrations of unlabeled mlB4 antibody (10~ 7 to 

35 10" 1S M) in a 300 ul reaction volume for about 1 h 
at about 4*C with constant agitation. Cell bound 
1B4 is separated from the unbound antibody by 
centrifugation through a 0.5M sucrose cushion 
(4,800 x g, 3 minutes); the tubes are frozen on dry 

40 ice, and the tips cut off and counted with an LKB 
gamma counter. The IC50 of the anti-CD18 anti- 
body for the inhibition of 125 l-m1B4 antibody bind- 
ing is calculated using a four parameter fitter pro- 
gram (Rodbard, D, Munson, P.J., and DeLean, In, 

45 "Radioimmunoassay and Related Procedures in 
Medicine", International Atomic Energy Agency, Vi- 
enna, vol 1,469-504. 1978). The affinity of the 
"veneered" anti-CD18 antibody for the CD18 ligand 
is determined in a similar manner using murine 

so l25 l-m1B4 antibody and increasing quantities, as 
determined by the trapping Elisa. of unlabeled 
"veneered" anti-CDl8 antibody. The results of the 
binding assays are shown in Figure 13 and indicate 
that the avidity of the "veneered* heavy chain and 
55 light chain recombinant 1 B4 antibody is equivalent 
to that of the murine 1 B4 monoclonal antibody. 

The "veneered" heavy and light chain expres- 
sion vectors were co-transfected into CV1P mon- 
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key kidney cells using 20 ug of each plasmid to 
prepare 2 mL of the calcium phosphate precipitat- 
ed solution. One mL was placed in the medium 
overlaying each 100 mm dish of CV1P ceils. After 
4 hr at 37 *C the medium was replaced with 1 mL 
of 15% glycerol in 1 x HBS (Hepes buffered salt). 
Following the 3 min glycerol shock, 10 mL of PBS 
as added, the cell monolayers were aspirated, 
washed once with 10 mL of PBS, and re-fed with 
fresh medium (DMEM + 10% heat inactivated new 
born calf serum) containing 200 ug of hygromycin 
B and 800 ug of G418 per mL. Cloning cylinders 
(Fishney. In, Culture of Animal Cells, Alan R. Liss, 
Inc. New York, 1983) were used to isolate individ- 
ual colonies prior to their expansion and subse- 
quent assay for productivity. Two clones, #1 1 and 
#48, were found to express sufficient amounts of 
v1B4 to warrant their expansion and ultimate ac- 
cessioning. 

Claims 

1. A method for identifying differences in mam- 
malian species specific surface amino acid re- 
sidues on an immunoglobulin comprising: 

a. comparing the framework amino acids of 
a variable domain of a first mammalian spe- 
cies with the variable domains of a second 
mammalian species; 

b. determining the subgroups of the second 
mammalian species to which the first mam- 
malian species most closely corresponds; 

c. determining the second mammalian spe- 
cies sequence which is most similar to the 
first mammalian species sequence; 

d. identifying amino acid residues of the 
first mammalian species which differ from 
the amino acid residues of the second 
mammalian species, with said amino acids 
being mostly exposed or completely ex- 
posed on the immunoglobulin surface; 

e. identifying only those amino acid resi- 
dues which are not within a 
complementarity-determining region or are 
not directly adjacent to a complementarity- 
determining region. 

2* The method of claim 1 wherein the first mam- 
malian species is mouse. 

3. The method of claim 1 wherein the second 
mammalian species is human. 

4. A method for converting an immunoglobulin 
having the immunogenicity of a first mamma- 
lian species to an antibody having the im- 
munogenicity of a second mammalian species 
comprising: 



a. replacing the amino acid residues in a 
first mammalian species framework which 
differ from the amino acid residues of a 
second mammalian species with the cor- 
s responding amino acid residues from the 

most similar second mammalian species as 
identified by the method of claim 1 . 

5. The method of claim 2 wherein the first mam- 
10 malian species is mouse. 

6. The method of claim 2 wherein the second 
mammalian species is human. 

75 7. A method comprising: 

a. preparing a DNA sequence encoding a 
veneered immunoglobulin having specificity 
for a known antigen wherein the surface 
amino acid residues of a first mammalian 

20 species which differ from the surface amino 

acid residues of a second mammalian spe- 
cies are replaced with the corresponding 
amino acids residues form the most similar 
second second mammalian species se- 

25 quence as identified by the method of claim 

1; 

b. inserting the sequence into a replicable 
expression vector operably linked to a suit- 
able promoter compatible with a host cell; 

30 c. transforming the host cell with the vector 

of b; 

<± culturing the host cell; and 

e. recovering the veneered immunoglobulin 

from the host cell culture. 

35 

8. The method of claim 7 wherein the first mam- 
malian species is mouse. 

9. The method of claim 7 wherein the second 
40 mammalian species is human. 

10. A composition comprising a veneered im- 
munoglobulin having a specificity for a known 
antigen. 

45 

11. A DNA sequence encoding veneered 1B4 anti- 
body. 

12. A veneered murine 1B4 antibody exhibiting the 
so antigenicity of human antibody of fragments 

thereof. 
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Position Residues in Subgroup 
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Fig. 4 



Mouse Light Chain Variable Region 

5* upstream primer - FFU of variable region 

5'- TCT CGCL&ICJQGA (CT)AT (TC)GT G(AC)T (GC)AC CCA (GA) -3* 
BamH1 

3' downstream primer - kappa constant region 

S- TCT C£AftGLPG GTG GCA AGA T(GA)G ATA CAG TTG GTG CAG C -3* 
Hind III 

Mouse H^avy Chain Variable Region 

5' upstream primer - FR1 of variable region 

I) S- TTC TGG ATC C fCGlA GGT (GCT)CA (AG)CT G(AC)A G(GC)A GTC (TA)GG -3' 
Bam HI 

ii) 5'- TTC Tfi£LfiI£l£(CG)A GGT (GCT)AA GCT GGT G(GC)A GTC (TA)GG 
Bam H1 

3' downstream primer - lgG2a CH1 region 

5*- TCT CAAGCTTA C CGA TGG (GA)GC TGT TGT TTT GGC ^ 
Hind lit 

SHORTEN VERSION OFTHE*gG4 HEAVY CHAW CONSTANT REGION 

g- ATT TGG ATC C TC TAG A CA TCG CGG ATA GAC AAG AAC-3 1 
Bam H1 Xba I 

g- AAT AAT GCG GOCGC ATCG AT G AGCTC AAGT ATG TAG ACG GGGTAC G -3f 
Not I Cla I Sac I 

TK PROMOTER FRAGMENT 

g« TAT AGA ATT C GG TAC CC TTCA TCC CCG TGG CCC G »3T 

EcoRl Kpn I 
5*- TGC GTG TTC GAATTC GCC -3* 
EcoRl 

Ig H ENHANCER 

S- TTT TAG ATC T GT CGA C AG ATG GCC GAT CAG AAC CAG -3* 
Bgl II Sal I 

S- TTG GICLQAC GGL&CC AAT ACA TTT TAG AAG TCG AT -3" 
Sal I Kpn t 
HUMAN KAPPA CONSTANT REGION 

S- TCT CGG ATC CTC TAG AAG AAT GGC TGC AAA GAG C -3* 
5". TCT CGC TAG CGG ATC CTT GCA GAG GAT GAT AGG G Of 
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. 5 



Oligodeoxynucleotides for PCR Amplification of the LEN Light Chain 

Variable Region 

S 1 S- CAT TCG CTT ACC AGA TCT MG CTT ACT AGT GAG ATC ACA GTT CTC TCT AC <T 
V 9 S- TGG CTC f 3C AGC TGA TGG TG -ff 

x ' .0 5- CAC CAT CAG CTG CAG AGC CA -3* 
V 1 1 S 4 - CTG TCT GGG ATC CCA GAT TC -3* 

V12 5*- GAA TCT GGG ATC CCA GAC AG -3* 

V13 S- GTT GCA ACA TCT TCA GCC TCC ACG CTG CTG ATG -3 

V 1 4 5*- GTG GAG GCT GAA GAT GTT GCA ACT TAT TAC TG -3 

1 3 5- GAA TGT GCC TAC TTT CTA GAG GAT CCA ACT GAG GAA GCA AAG -3 

A 1 5'- CAT TCG CTT ACC AGA TCT -3 
A 2 5 - GAA TGT GCC TAC TTT CTA G -3' 

Oligodeoxynucleotides for PCR Amplification of the mlB4 
Heavy Chain Variable Region 



V1 5*- CCC TCC AGG CTT CAC TAA GTC TCC CCC -3 

V2 S- TTA GTG AAG CCT GGA GGG TCC CTG AAA CTC -3 

V3 5'-GC£CCTTCCCAGGAGCTTGGCGM(XCAAG ACATG-3 

V4 S- AAG CTC CTG GGA AGG GGC TGG AGT TGG TCG CAG CC -3 

V5 S- TGT TCA TTT GTA GGT ACA GGG TGT TCT TGG AAT TGT CTC TGG AGA TGG TG -3 

V6 5- TGT ACC TAC AAA TGA ACA GTC TGA GGG CTG AGG ACA CAG CCT TGT ATT -3 

V7 5- CTG TGA GAA GGG TGC CTT GGC CCC AGT AG -3 

V 8 AAG GCA CCC TTC TCA CAG TC T CCT CAG GTG -3 

12 S- GAA T GT GCC TAC TTA AGC TTT CTA GAG GAT CC T ATA AAT CTC TGG CCA TG -3 

S1, A1, and A2, as above 
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EcoRHI) 



Pvul{5472) 
Pstl(5342) 




(CONT. FROM FIG. (Oa) 



tk-Neo 



SV40UA)n 

NotI(3379) 
Ndel(3373) 
Clal(3367) 
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Sacl{3355) 
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BamHI(3342) 



Sall(1957) 
IgH-Enhoncer 
Kpnl(2296) 
V40 Enhancer 
Ad2 MLP 
Pvull(2942) 



KpnI(6109kt k EcoRI{1) 
EcoRI(6103)> t,tCOKim 



Pvu 1(5472) 
PstI(5342)-7^Amp 




tke Promoter 
(Octomer ond CAT 
Region by PCR) 

EcoRI EcoRI 

y 

(0.1kb) 



SV40L(A)n 

NotI(3379) 
Ndel{3373)7/ 
0101(3367)7 
Nhel(3361) 
Sacl(3355) 
Spel(3349) 
BamHI(3342) 



Sall(1957) 
IgH-Enhoncer 
Kpn 1(2296) 
SV40 Enhancer 
(Hind III minus)(2662) 

PvuII(2942) 



FIG. 10b 
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Fig. 12 



HEAVY AND LIGHT CHAIN VARIABLE REGION FRAMEWORKS 



Hf»avy Chain 



vlB4: DVKLVESGGDLVKPGGSLKLSCAASGFTFS {DYYMS) WVRQAP 
mlB4 : DVKLVESGGDLVKLGGSLKLSCAASGFTFS IDYYMS] WVRQTP 
Gal: EVQLVESGGDLVQPGRSLRLSCAASGFTFS [BLGMT] WVRQAP 



GKGLELVA [AIDNDGGSISYPDTVKG] RFTI SRDNSKNTLYLQM 
EKRLELVA ( AIDNDGGS X STB DTVKG ] RFTI SRDNAKNTLYLQM 
GKGLEWVA [NIKZBGSZZBYVDSVKG] RFTI SRDNAKNSLYLQM 

N S LRAEDTAL Y YCAR [ -QGRLRRD YFDY ] WGQGTLLTVSS - . . 
SSLRSEDTALYYCAR ( -QGRLRRDYFDY ) WGQGTTLTVSS • . . 
NSLRVEDTALYYCAR { GWGGGD-] WGQGTLVTVST. . . 



vlB4: DIVMTQSSNSLAVSLGERATISC (PASESVDSYGNSFMH-- ] WY 
mlB4: D I VLTQSP AS LAVSLGQRAT ISC [RASESVDSYGNSFMH — ] WY 
Len: DIVMTQSSNSLAVSLGERATINC [KSSQSVLYSSNSKNYLA] WY 



QQKP GQPPKLL I Y {RASNLES] 
QQKPGQPPKLLIY [RASNLES] 
QQKPGQPPKLLIY [HASTRES] 



EAEDVATYYC (QQSNEDPLT) 
EADDVATYYC {QQSNEDPLT J 
QAEDVAVYYC (QQYYSTPYS) 



GIPDRFSGSGSGTDFTLTISSV 
GIPARFSGSGSRTDFTLTINPV 
GVPDRFSGSGSGTDFTLTISSL 



FGQGTKLEIKR. . . 
FGAGTKLELKR. . . 
FGQGTKLEIKR. . . 
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Fig. 13 
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DNA SEQUENCES ENCODIN G GELQN1N POLYPEPTIDE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention . 

This invention relates generally to the immunotoxin gelonin and, 
5 more specifically, to the molecular biology of gelonin, including a process for the 
production of a synthetic gene for gelonin. 

2. Description of the Related Art 

One current interest in cytotoxic substances involves their potential 
use to* specifically target tumor cells. The plant toxin gelonin has received such 

10 consideration. Gelonin is a glycoprotein (M.W. approximately 29-30,000 Kd) 
purified from the seeds of Gelonium multifomm. Gelonin belongs to a class of 
potent ribosomal-inactivating plant toxins. Other members of this class of 
ribosomal-inactivating plant toxins are the chains of abrin, ricin and modeccin. 
Gelonin, like abrin and ricin, inhibits protein synthesis by damaging the 60S sub- 

15 unit of mammalian ribosomes. Although the A chain of ricin (RTA) has been 
popular for use in immunotoxins, gelonin appears to be more stable to chemical 
and physical treatment than RTA (Barbieri et al., Cancer Surv. 1 : 489-520 
(1982)). Furthermore, gelonin itself does not bind to cells and, therefore is non- 
toxic (except in high concentrations) and is safe to manipulate in the laboratory. 

20 The inactivation of ribosomes is irreversible, does not appear to involve co-factors 
and occurs with an efficiency which suggests that gelonin acts enzymatically. 

Gelonin and ricin are among the most active toxins which inhibit 
protein synthesis on a protein weight basis. Gelonin is 10 to 1000 times more 
active in inhibiting protein synthesis than ricin A chain. Peptides like ricin and 

25 abrin are composed of two chains, a A chain which is the toxic unit and a B chain 
which acts by binding to ceils. Unlike ricin and abrin, gelonin is composed of a 
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single chain, and, because it lacks a B chain for binding to cells, it is itself 
relatively non-toxic to intact cells (Stirpe, et al. J- Biol. Chem. 255 : 6947-6953 
(1980)). Mammalian cells apparently lack the ability to bind and/or to internalize 
the native gelonin molecule. Conjugates of geionm with a tumor-targeting 
5 monoclonal antibody, such as the monoclonal antibody ZME directed to an 
antigen present on certain tumor cells such as melanoma cells, provide both a 
specific method for binding the gelonin to the cell and a route for internalization 
of the gelonin antibody complex. One of the advantages of using the toxin 
gelonin over using toxins such as ricin A chain is this reduced toxicity to normal 
10 tissues as compared to the ricin A chain. Gelonin-coupled with a monoclonal 
antibody directed to an anti-tumor associated antigen is an active and selective 
immunotoxic agent for tumor therapy. 

Several investigators have utilized gelonin as a cytotoxic agent 
chemically attached to monoclonal antibodies or to peptide hormone cellular 
15 targeting ligands. However, chemical modification of gelonin and cellular 
targeting moieties can reduce targeting efficiently and cytotoxic potential of 
gelonin itself. Furthermore, natural sources of gelonin are subject to variability 
in harvesting and plant growth which can affect gelonin cytotoxic activity. The 
ability to produce a synthetic gelonin toxin, chemically or utilizing recombinant 
20 technology, provides a plentiful, reproducible source of the toxin. Therefore, it 
is highly desirable to prepare a synthetic gene for gelonin and methods for 
preparation of the synthetic gene using recombinant technology. 
STTVTMARY OF THE INVENTION 

* The present invention provides the nucleotide sequence for a 
25 synthetic gene for gelonin and methods for its preparation. The DNA sequence 
for a synthetic gene for gelonin is shown in SEQ ID NO: I . The present invention 
also provides expression vectors containing these DNA sequences and cells 
transformed with these vectors. 
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According to one embodiment of the present invention, there is 
provided a method for producing, cloning and expressing a synthetic gene 
encoding gelonin. Initially, a double-stranded DNA fragment encoding the 
primary amino acid sequence determined from purified gelonin protein was 
5 designed. This DNA fragment was manipulated to facilitate synthesis, cloning, 
expression or biochemical manipulation of the gene. Next, a set of synthetic 
oligonucleotides capable of being linked together to assemble the desired gene was 
designed, synthesized, purified and 5'-phosphorylated. Subsequently, these 
oligonucleotides were annealed and li gated together to assemble the intact gene. 
10 The synthetic gene was ligated together with a suitable cloning vector and then the 
nucleotide sequence of the cloned gene was determined. After site directed 
mutagenesis was conducted to correct any undesired mutations in the cloned gene, 
the gene is subcloned into a suitable expression vector. The expression vector 
bearing the synthetic gelonin gene was inserted into a suitable expression host 
15 Thereafter the expression host is maintained under conditions suitable for 
production of the gelonin gene product and gelonin protein is isolated and purified 
from cells expressing the gene. 

According to another embodiment of the present invention, there 
is provided a synthetic DNA containing the sequence of nucleotides and fragments 
20 and derivatives thereof, coding for protein gelonin or for a polypeptide which 
inhibits cellular protein synthesis but does not bind a cell surface receptor, with 
the nucleotide sequence having the formula of Sequence ID NO. 1. Also 
provided is an expression vector containing synthetic gelonin DNA and host cells 
containing and expressing the synthetic gelonin gene. 
25 According to yet another embodiment of the present invention, 

there is provided an immunotoxin comprising an antibody conjugated to the plant 
toxin protein gelonin. 

For the purposes of the present invention, the term "fragment" is 
defined as any portion of SEQ ID No. 1 that would produce a protein that inhibits 
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cellular protein synthesis but does not bind to a surface receptor. "Derivative" 
is defined as having the substitution of one or more individual nucleic acids such 
that the same protein or polypeptide is produced. 

The present invention recognizes and addresses the previously 
5 mentioned long feit needs and provides a satisfactory meeting of those needs and 
its various embodiments. To one of skill in this art who has the benefit of this 
invention's teachings and disclosures, other and further objects and advantages 
will be clear, zs well as others inherent therein. In conjunction with the 
accompanying drawings, the following description of presently preferred 
10 embodiments are given for the purpose of disclosure. Although these descriptions 
'are detailed to insure adequacy and aid understanding, this is not intended to 
prejudice the purpose of a patent which is to claim an invention no matter how 
others may later disguise it by variations and form or additions of further 
° improvements. 
15 BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in which the above recited features, advantages 
and objects of the invention, as well as others which will become clear, are 
attained and can be understood in detail, more particular descriptions of the 
invention briefly summarized above may be had by reference to certain 
20 embodiments thereof which are illustrated in the appended drawings. These 
drawings form a part of this specification. It is to be noted, however, that the 
appended drawings illustrate preferred embodiments of the invention and therefore 
are not to be considered limiting of its scope. The invention may admit to other 
equally effective equivalent embodiments. 
25 FIG. 1 depicts the schematic illustration of a process for 

chemically synthesizing oligonucleotides. 

FIG. 2 shows an illustration of the solid phase gene assembly 

process. 
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FIG. 3 illustrates a schematic diagram of the geionin gene assembly 

process. 

FIG. 4 shows the schematic illustration of the arrangement of 
oligonucleotides in the geionin gene assembly. 
5 FIG. 5 depicts the oligonucleotide sequences used to assemble the 

geionin gene. 

PETAIL5P DESCRIPTION QF THE INVENTION 

Recent developments in molecular biology have enabled the 
cloning, expressing and genetic engineering of numerous genes encoding proteins 

10 of biomedical and agricultural importance. A significant recent advance in this 
field is the capability to design and produce synthetic genes. The synthetic genes 
can encode proteins of known amino acid sequence, as well as hovel proteins not 
existing in nature. This is particularly useful in the case of proteins of therapeutic 
value, such as geionin. It is feasible to design, synthesize, clone and express a 

-15 gene based on the amino acid sequence of a protein. The design 4 sequence, 
cloning, and expression are also possible even if specific information about the 
natural gene is unavailable, for example, if the gene has not yet been cloned. 
Furthermore, gene synthesis facilitates the engineering of variant gene products, 
possessing properties not found in the naturally occurring protein. For example, 

20 a gene encoding a protein normally found only in plants or animals can be 
designed* synthesized, and cloned into a vector which can yield large quantities 
of the protein, in microbial hosts cells. 

One advantage of synthetic genes is related to the redundancy of 
the genetic code. Most amino acids can be encoded by more than one three-base 

23 "codon" within a gene. Different organisms tend to employ different sets of 
codons for their proteins (S. Aota et ah, Nucleic Acids Res., v. 16, Supplement, 
pp. r315-r391 (1987). in other words, the codons that are ■preferred* by one 
organism are different from those preferred by another organism. This 
phenomenon is believed to be related to differences in the relative abundance of 
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specific iso-accepting transfer RNA molecules for a given amino acid. Synthetic 
genes can be designed to incorporate preferred codons for a given expression 
system, even if the gene product is from a "heterologous" host organism, which 
employs a different set of preferred codons for some amino acids. It has been 
5 shown that synthetic genes encoding mammalian proteins can yield significantly 
greater protein product in a microbial host if the codons chosen in the gene design 
correspond to those most commonly used by the microbial host. This 
phenomenon was considered in the design of the gelonin gene (originally from 
plants) intended for introduction into the Escherichia coli expression host. For 
10 expression in a different host system the gelonin gene could be easily redesigned 
by one having ordinary skill in this art to incorporate codons optimal for the 
different host. 

Another advantage of synthetic genes, actually enabled by the 
redundancy of the genetic code in this case, is that the DNA sequence encoding 

15 the gene of interest can be modified (without changing the amino acid sequence 
encoded) to contain a maximum number of uniquely occurring restriction enzyme 
recognition sites across the gene. The existence of numerous single-cutting 
restriction sites along a gene gready facilitates the biochemical manipulation of 
the gene. For example, the ability to cleave out a segment of a gene and replace 

20 it with a different DNA sequence (enabled by closely spaced unique restriction 
sites) facilitates the introduction of new genetic information into the gene by 
recombinant DNA techniques. Useful manipulations enabled by this approach 
include introduction of mutations into defined regions of a gene, correction of 
mutations arising ouring gene synthesis, assembly and cloning, and creation of 

25 chimeric or fusion genes encoding proteins that combine functional domains of 
separate proteins. 

The design of a synthetic gene can also accommodate non-coding 
"flanking* DNA sequences which can facilitate cloning and expression of the 
gene. For example, restriction endonuclease recognition sequences can be 
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incorporated into flanking regions of the gene to enable the specific ligation of the 
gene into the desired cloning vector. Additionally, genetic signals can be 
incorporated into a synthetic gene which serve to control gene expression in vivo . 

In addition, the de novo gene design can enable the in vivo 
5 targeting of a gene product to a certain tissue or organelle, which can enhance the 
therapeutic action of the gene product. For example, it is feasible to target a 
therapeutic agent to a particular cell type by incorporating into the relevant gene 
a sequence which encodes a polypeptide domain that specifically binds to a 
receptor on the surface of target cells. 
10 Synthetic gene design can furthermore include considerations that 

are related to the chemical synthesis of short DNA strands and the assembly of 
oligonucleotides into longer duplex DNA segments. It is advantageous in the 
chemical synthesis of DNA to avoid the poor coupling efficiency associated with 
consecutive addition of numerous G or C residues to a chain. Also, it is desirable 
15 to avoid DNA sequences that contain intrastrand secondary structure (hairpin 
structure) or intermolecuiar complementarity, which can interfere with correct 
assembly of a gene during the annealing of component oligonucleotides. These 
objectives can usually be achieved by choosing alternative codons in the gene 
design. 

20 The process of gene assembly comprises the following steps. First, 

the nucleotide sequence corresponding to the two strands of the desired coding 
region are written out, providing for perfect complementary base pairing between 
the two strands. Then any desired flanking sequences are added. For example, 
flanking sequences can be added to incorporate restriction endonuclease 

25 recognition sites adjacent to the coding sequence. The gene is then divided into 
overlapping sets of single-stranded fragments. The single-stranded fragments are 
chemically synthesized by automated DNA synthesis instruments. The extent of 
complementary overlap between successive oligonucleotides along the synthetic 
gene is a matter of choice, but is typically 6-20 bases. After all of the 
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oligonucleotides needed for the synthetic gene have been chemically synthesized, 
they are preferably purified by polyacrylamide gel electrophoresis or high 
performance liquid chromatography. The purified oligonucleotides are then 5'- 
phosphorylated by the action of polynucleotide kinase and adenosine 5'- 
5 triphosphate. The strands are then annealed together, either in a single mixture, 
in blocks of 3-10 overlapping oligonucleotides r or by stepwise addition of 
oligonucleotides on a solid phase support The ends of the assembled gene are 
provided with restriction sites which are employed in cloning of the gene. The 
assembled gene is typically cloned initially into the single-stranded vector M13 
10 for convenient DNA sequencing. If necessary, mutations are corrected by 
oligonucleotide-directed mutagenesis. 

Desired features of the synthetic , gene (optimal codon usage, 
occurrence of unique restriction sites, elimination of secondary structure, etc.) can 
. be designed with the assistance of any of several commercially available DNA 
• 15 sequence analysis programs for microcomputers. 

Two recent developments, both utilized in the instant invention, 
enable genes to be synthesized more rapidly and economically and create new 
opportunities for protein engineering (K. L. Beattie et al., Biotechnof. AppL 
Biochem., 10, 510-521 (1988); K. L. Beattie and R. F. Fowler, Nature, 352, 
20 548-549 (1991)). The first development, illustrated in Figure 1, is a 
o technology for rapid, economical synthesis of large numbers of oligonucleotides. 

This technology enables the preparation of all of the synthetic DNA needed for 
assembly of a gene in a single day. Referring to Fig. 1, nucieoside-derivatized 
controlled pore glass is placed within individual synthesis wafers, consisting of 
25 Teflon cylinders with porous ends to allow fluid flow through a stack of the 
wavers. Simultaneous addition of A, G, C or T to DNA chains attached to the 
CPG and retained within the wafers is accomplished by the sequential flow of 
reagents through the columns by the phosphoramidite method (L. J. McBride and 
M. H. Carathers, Tetrahedron Lea., 24, 245-248 (1983)). After completion of 
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each chemical reaction cycle, the wafers are sorted into different columns to 
provide for synthesis of a different nucleotide sequence within each wafer. The 
sequential position of one wafer (darkened) through four cycles is depicted, which 
would result in the addition of AGCT to the growing DNA chain contained 
5 therein. 

A second technology development which facilitates gene synthesis 
provides a means for stepwise joining of synthetic oligonucleotides on a solid 
phase support to form a gene. Referring to Fig. 2, the desired gene is designed 
to be assembled from a set of overlapping complementary oligonucleotides. 
, 10 Assembly is initiated with an oligonucleotide bound at one end to a solid phase 
support. 5'-phosphorylated oligonucleotides are added sequentially (at molar 
excess) to the support-bound* strand. At each step of the gene assembly unbound 
0 DNA is washed away before the next annealing reaction is performed. The 
completed assembly is treated with DNA ligase to seal the nicks, then the gene 

15 is released from the support by cleavage at a unique restriction site contained 
within the support-bound oligonucleotide. The released DNA is ligated into a 
suitable vector for sequencing and expression. 

Numerous options exist for vector-host environments in the 
expression of the synthetic gene resulting in production of the encoded protein. 

20 These are discussed in detail in Methods in Enzymology, Vol. 152, 1987, 
Academic Press. Briefly, specialized expression vectors are available for 
insertion into bacterial, fungal, animal or plant hosts. The bacterium Escherichia 
ca}\ is most commonly used for expression of "foreign" genes. The yeast 
Saccharomvces cerevisiae is another popular expression host As mentioned 

25 previously, if the cloned gene of interest is chemically synthesized, optimal codon 
usage for the desired expression host is provided for in the gene design to increase 
the level of expression. Most expression vectors contain genetic control elements 
positioned adjacent to the cloning site which drive high levels of gene expression. 
Inducible promoters of expression vectors are typically derived from bacteria 
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(e.g., lac, trp) or viruses (e.g., lambda, SV40). "Signal sequence" elements are 
sometimes included in the vector, to direct transport of the gene product out of 
the host cell. The signal sequence elements can facilitate purification and reduce 
proteolytic degradation. In the case of synthetic genes any desired genetic control 
5 element can be included within the duplex DNA being assembled. Some 
expression vectors contain a coding sequence immediately adjacent to the cloning 
site, such that in-frame insertion of the foreign coding sequence results in 
productive of a fusion protein. The additional coding sequence can be provided 
within the assembled sequence in the case of synthetic genes. The production of 
10 ' a gene as a fusion protein can provide several benefits, including increased 
expression, greater stability, fast affinity purification using a support-bound ligand 
that binds to the additional polypeptide component, and cellular targeting of the 
gene product (for example, to a cell type possessing a cell surface receptor for the 
additional polypeptide component}. Gene engineering incorporating this latter 

o 

15 feature may be employed in the further development of gelonin-based 
therapeutics. 

In the cloning and expression of DNA sequences encoding the plant 
toxin gelonin a wide variety of vectors are useful. These include, for example, 
vectors consisting of segments of chromosomal, non-chromosomal and synthetic 

20 DNA sequences, such as various known derivatives of SV40 f known bacterial 
plasmids, (e.g.) t plasmids from Ecoli including col EI, pCRI, pBR322, pMB9 
and their derivatives, wider host range plasmids, (e.g.), RP4, phage DNAs, 
(e.g.), the numerous derivatives of phage lambda, (e.g.), NM 989, and other 
DNA phages, (e.g.), M13 and filamentous single stranded DNA phages, yeast 

25 plasmids such as the 2 mu plasmid or derivatives thereof, and vectors derived 
from combinations of plasmids and phage DNAs, such as plasmids which have 
been modified to employ phage DNA or other expression control sequences. 

Within each specific cloning or expression vehicle, various sites 
may be selected for insertion of the DNA sequences of this invention. These sites 
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are usually designated by the restriction endonuclease which cuts them and are 
well recognized by those of skill in the art. Various methods for inserting ONA 
sequences into these sites to form recombinant DNA molecules are also well 
known. These include, for example, dG-dC or dA-dT tailing, direct ligation, 
5 synthetic linkers, exonuclease and polymerase-linked repair reactions followed by 
ligation, or extension of the DNA strand with DNA polymerase and an 
appropriate single-stranded template followed by ligation. It is, of course, to be 
understood that a cloning or expression vehicle useful in this invention need not 
have a restriction endonuclease site for insertion of the chosen DNA fragment. 

10 Instead, the vehicle could be joined to the fragment by alternative means. 

For expression of the DNA sequences of this invention, these DNA 
sequences are operatively-Iinked to one or more expression control sequences in 
the expression vector. Such operative linking, which may be effected before or 
after the chosen DNA sequence is inserted into a cloning vehicle, enables the 

15 expression control sequences to control and promote the expression of the inserted 
DNA sequence. 

Any of the wide variety of expression control sequences that control 
the expression of a DNA sequence may be used in these vectors to express the 
DNA sequence of this invention. Such useful expression control sequences, 

20 include, for example, the early and late promoters of SV40, the lac system, the 
trp system, the TAC or TRC system, the major operator and promoter regions of 
phase lambda, the control regions of fd coat protein, the promoter for 3- 
phosphoglycerate kinase or other glycolytic enzymes, the promoters of acid 
phosphatase, e.g., PhoS, the promoters of the yeast alpha-mating factors, and 

25 other sequences known to control the expression of genes of prokaryotic or 
eukaryotic cells or their viruses, and various combinations thereof. In mammalian 
cells, it is additionally possible to amplify the expression units by linking the gene 
to that coding for dehydrofolate reductase and applying a selection to host Chinese 
hamster ovary cells. 
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The vector or expression vehicle, and in particular the sites chosen 
therein for insertion of the selected DNA fragment and the expression control 
sequence employed in this invention are determined by a variety of factors. For 
example, these factors include the number of sites suspectable to a particular 
5 restriction enzyme, size of the protein to be expressed, expression characteristics 
such as the location of start and stop codons relative to the vector sequences. 
Other factors will be recognized by those of skill in the art. The choice of a 
vector, expression control sequence, and insertion site for a particular 
phospholipase inhibitor protein sequence is determined by a balance of these 
10 factors with not all selections being equally effective for a given case. 

The recombinant DNA molecule containing the desired gene 
operatively linked to an expression control sequence may then be employed to 
transform a wide variety of appropriate hosts so as to permit such hosts 
(transformants) to express the gene, or fragment thereof, and to produce the 
15 polypeptide, or portion thereof, for which the hybrid DNA codes. 

A wide variety of hosts are also useful in producing the antigens 
and DNA sequences of this invention. These hosts include, for example, bacteria, 
such as E.coli, Bacillus and Streptomyces, fungi, such as yeasts, and animal, such 
as CHO cells, and plant cells in tissue culture. The selection of an appropriate 
20 host is controlled by a number of factors recognized by the art* These include, 
for example, compatibility with the chosen vector, toxicity of the co-products, 
ease of recovery of the desired polypeptide, expression characteristics, biosafety 
and costs. No absolute choice of host maybe made for a particular recombinant 
DNA molecule or polypeptide from any of these factors alone. Instead, a balance 
25 of these Actors must be struck with the realization that no all hosts may be 
equally effective for expression of a particular recombinant DNA molecule. 

As we have previously demonstrated, it should be understood that 
die DNA sequences that are inserted at the selected site of a cloning or expression 
vehicle may include nucleotides which are not pan of the actual gene coding for 
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the desired polypeptide or may include only a fragment of the entire gene for that 
protein. It is only required that whatever DNA sequence is employed, the 
transformed host produces a protein gelonin or a polypeptide having substantially 
the same functional activity as gelonin. For example, the DNA sequences of this 
5 invention may be fused in the same reading frame in an expression vector to a 
portion of a DNA sequence coding for at least one eukaryotic or prokaryotic or 
prokaryotic carrier protein or a DNA sequence coding for at least one eukaryotic 
or prokaryotic signal sequence, or combinations thereof. Such constructions may 
aid in expression of the desired DNA sequence, improve purification or permit 

10 secretion, and preferably maturation, of the desired polypeptide from the host 
cell. The DNA sequence may alternatively include an ATG start codon, alone or 
together with other codons, fused directly to the sequence encoding the first amino 
acid of a desired polypeptide. Such constructions enable the production of, for 
example, a methionyl or other peptidyl polypeptide, that is part of this invention. 

15 This N-terminal methionine or peptide may then be cleaved intra- or extra- 
cellularly by a variety of known processes or the polypeptide used together with 
the methionine or other fusion attached to it in the compositions and methods of 
this invention. 

EXAMPLES 

20 .Synthesis & Assembly of Gelonin Gene 

Example 1 

Rinding of S'-bi n tinvlated oligonucleotide to StrePttVidin-COated latCT 

microspheres: 

A 0.2 mi sample of DYNABEADS M280 Streptavidin (Dynal 
25 Corp.) was placed into a 1.5 ml Eppendorf tube. The tube was held against a 
magnetic plate (Advanced Magnetics, Inc.) for a few minutes to cause the 
paramagnetic latex microspheres to be drawn to the side of the tube, then the fluid 
was drawn off. The beads were washed twice with 0.2 ml annealing buffer 
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(composition given below) at room temp., then resuspended in 0.2 ml annealing 
buffer. 

To the bead suspension was added 1 nmol of S'-biotinylated 
oligonucleotide. After 30 min. at room temperature the beads were washed twice 
with 0.2 ml annealing buffer and resuspended in 0.2 ml annealing buffer. 
Spectrophotometric analysis of the unbound oligonucleotide in the washes 
indicated that approximately 300 pmol of oligonucleotide were bound to the 
beads. 

Example.! 

Annealing/washing evcte. repe ated for addition of each successive oligonucleotide: 
Before use in the gene assembly oligonucleotides were purified by 
polyacrylamidegel electrophoresis and enzymatically S'-phosphorylated using T4 
polynucleotide kinase. 

To 150 pmol support-bound oligonucleotide were added 750 pmol 
overlapping complementary oligonucleotide and the annealing was carried out in 
0.10 ml 50mM sodium phosphate buffer, pH 7.5, 1M NaCi (annealing buffer) for 
5 min. at 45 deg. C, then the mixture was cooled to room temperature over a 7 
min. period. Beads were then washed twice with 0.2 ml of the same buffer at 
room temperature. This cycle was repeated until the last oligonucleotide in the 
assembly was added. 

nation of pro s ier and release from the support bv restriction enzyme digestion : 
After completion of the assembly the beads were washed and 
resuspended in 0.04 ml ligase buffer. After addition of 0.005 ml DNA Ugase 
(New England Biolabs, high specific activity grade) the mixture was incubated at 
room temperature for 2 hours then washed and resuspended in 0.04 ml restriction 
digestion buffer. After addition of ten units of restriction endonuclease EcoRI the 
mixture was incubated at 37 degrees C for 90 minutes* The liquid was drawn off 
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and the released DN A was ethanol precipitated and resuspended in 0.01 ml Iigase 
buffer. 

Example * 

Assembly of the gslonin senr* 

The gene was assembled from both directions as illustrated in FIG 
3 and FIG 4. The oligonucleotide sequences are identified in Figure S. 
Assembly of the 5 $ -end of the gene (approximately 500 bp N-terminal coding 
region) began with support-bound Btgell and the oligonucleotides were added in 
the following order (each involving one annealing/washing cycle): gel39, gdl, 
gel38, gel2, gel37, gel3, ge!36, gel4, gel35, gel5, gel34 t gel6, gel33, gel7, gel32, 
gel8, gel31, gel9, gel30, gel 10, gel29, gel 1 1, ge!28, geU2, ge!27.' 

Assembly of the 3 '-end of the gene (approximately 300 bp C- 
terminal coding region) began with support-bound Btgel2 and the oligonucleotides 
were added in the following order: geJ20, ge!19, gel2I, gel 1 8, gel22, gell7, 
gel23, gell6, ge!24, gellS, ge!25, gell4, gel26, gell3. 

Referring to FIG. 3, the 5'-end of the gene (N-terminal coding 
region) was released from the support by digestion with restriction endonuciease 
EcoRI, and the 3' -end of the gene (C-terminal coding region) was released from 
the support by digestion with restriction endonuciease Hindi!!. Referring to FIG. 
4, the two gene fragments, containing complementary 20- base tails within 
oligonucleotides gel27 and gel 13, were annealed together, then ligated to form the 
intact gene. 

Example 5 
Cloning of the synthetic gctonin gene: 

The completed DNA product was ligated with M13mpl9RFDNA 
that had been cleaved with EcoRI and HindHI, according to standard methods 
described in Molecular Cloning: A laboratory manual, E.F. Sambrook et aL, 
1989; 
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Exarnple 6 
fencing nf the synthetic gelonin geiie: 

The sequence of the synthetic gene in M13mpl9 was confirmed by 
dideoxy sequencing. Two mutations were found in the cloned synthetic gene, 
both in the 5* -end (N-terminal coding region). 

Sfta-directcd mutagenes is m correct mutations in cloned synthetic gene: 

Oligonucleotide-directed mutagenesis was carried out to correct the 
two mutations within the gelonin gene, following the procedure supplied with the 
in vitro mutagenesis reagent kit (Amersham Corp.). 

Example 8 

Subclonin? of synthetic gene into expression vector: 

The synthetic gelonin gene was cleaved from the M13mpl9 vector 
by action of EcoRI and HINDII1 and the gene-containing fragment was purified 
by agarose gel eIecm.phore::s and ligated into EcoRI/HindlU-cleaved expression 
vector pKK223-3 (Pharmacia). 

Example 9 

Analysis of exp r^«inn of synthetic gelonin gene in E. 

A 50 ml culture of E.coli JM105 bearing the synthetic gelonin gene 
cloned into pKK223-3 is grown up, induced with IPTG and lysed to obtain a 
crude extract. The extract is analyzed by SDS polyacrylamide gel electrophoresis 
(along side a control extract prepared from host cells carrying the expression 
vector with no insert). Western blot analysis and functional assays of gelonin are 
also conducted to confirm that the protein is expressed and active. 

In conclusion, therefore, it is seen that the present invention and 
the embodiments disclosed herein are well adapted to carry out the objectives and 
- obtain the ends set forth at the outset. Certain changes can be made in the 
method and apparatus without parting from the spirit and scope of this invention. 
It is realized that changes are possible and it is further intended that each element 
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or step recited irt any of the following claims is to be understood as referring to 
all equivalent elements or steps for accomplishing substantially the same results 
in substantially the same or equivalent manner. It is intended to cover the 
invention broadly in whatever form its principles may be utilized. The present 
5 invention is therefore well adapted to carry out the objects and obtain the ends and 
advantages mentioned, as well as others inherent therein. 
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SEg^CE LISTINg 

(1) GENERAL INFORMATION r 

(i) APPLICANT: Rosenblum, Michael 
5 Beattie, Kenneth L. 

(ii) TITLE OF INVENTION: DNA SEQUENCES ENCODING GELONIN 
POLYPEPTIDE 
(iiij NUMBER OF SEQUENCES: 1 
(Lv) CORRESPONDENCE ADDRESS: 
10 (A) ADDRESSEE: James F. Keller, Attomey-at-Law 

(B) STREET: One Riverway, Suite IS60 
CC) CITY: Houston. 
(D ) STATE: Texas 

(£) country: usa 

15 (F) ZIPr 770S6 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: I8M PC compatible 

(C) bPERATINO SYSTEM: PC-DOS / MS- DOS 
20 (D) SOFTWARE: WordPerfect S.l 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/755,949 
(BJ FILING DATE: 06-SBP-1991 
(CJ CLASSIFICATION; 
25 (viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Weiler, Jamea P. 

(B) REGISTRATION NUMBER: 16 , 040 

(C) REFERENCE /DOCKET NUMBER: D-5385 
(ix) TELECOMMUNICATION INFORMATION: 

30 (A) TELEPHONE: <713) 626*8646 

(B) TELEFAX; (713) 963-5853 
(2) INFORMATION FOR SEQ ID NO:l: 

(1) SEQUENCE CHARACTERISTICS: 

(A> LENGTH: 783 base pairs 



WO 93/05168 



PCTAJS92/07066 



-19- 

(B) ,TYPE: nucleic acid 

(C) STRAND BDNESS : double 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE; DNA (genomic) 
(iii) HYPOTHETICAL: YES 

<vi) ORIGINAL SOURCE: ' 

(A) ORGANISM i Ge ionium roultiforum 
( D) DEVELOPMENTAL STAGE: Seed 
(?) TISSUE TYPE: Nut 



(xi) SEQUENCE DESCRIPTION: SEQ ID NOil: 



c 



ATGGGTCTGG 


ATACCGTTAG 


CTTCACCACC 


AAAGGCGCGA 


CCTACATCAC 


CTACGTTAAC 


60 


TTCCTGAACG 


AACTGCGTGT 


TAAACTGAAA 


CCGGAAGGTA 


ACAGCCATGG 


CATCCCGCTG 


120 


CTGCGTAAAG 


GTGATGACCC 


GGGTAAATGC 


TTCGTGCTGG 


TGGCGCTGAG 


CAACGATAAC 


180 


GQTCAGCTGG CAGAAATCGC AATCGATGTT ACCAGCGTGT ACGTAGTTGG CTATCAGGTG 


240 


CGTAACCGCA 


GCTACTTCTT 


CAAAGATGCT 


CCGGATCCAG 


CGTACGAAGG 


CCTGTTCAAA 


300 


AACACCATCA 


AAAACCCGCT 


GCTGTTCGGT 


GGCAAAACTC 


GTCTGCACTT 


CGCTGGCAGC 


360 


TATCCGAGCC 


TGCAAGGCGA 


AAAAGCGTAC 


CGCCAAACTA 


CCGATCTGGG 


TATCCAACCG 


420 


CTGCGCATCG 


GCATCAAAAA 


ACTGGACGAA 


AACGCGATCG 


ACAACTACAA 


ACCGACCGAA 


48a 


ATCGCGAGCT 


CTCTGCTGGT 


TGTGATCCAG 


ATCOTGAGCG 


AAGCGGCACG 


TTTCACCTTC 


S40 


ATOGAAAACC 


AGATTCCTAA 


CAACTTCCAG 


CAGCGTATCC 


GTCCGGCGAA 


CAACACCATC 


600 


TCTCTGGAAA 


ACAAATGGGG 


CAAACTGAGC 


TTCCAGATCC 


GTACCAGCCC 


TGCGAACGGT 


660 


ATGTTCAGCG 


AAGCGGTGGA 


ACTCGAACGC 


GCGAACGGCA 


AAAAATACTA 


CGTGACTGCG 


720 


GTGGATCAGG 


TGAAACCGAA 


AATCGCACTG 


CTGAAATTCG 


TGGACAAAGA 


CCCGGAATAG 


780 


TGA 












783 
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CLAIMS 

1. A method of producing a synthetic gone encoding 
gelonin, comprising the steps of: 

designing a first DNA fragment containing the sequence 
5 coding for galonin, wherein said sequence contains a three 

base codon triplet for each amino acid in the gelonin 
sequence, said triplet is selected from the group of triplets 
coding for each, amino acid to maximize express ion , 
manipulation or stability of the DNA fragment in an expression 
10 vector synthesizing said first DNA fragment? 

synthesizing a complimentary DNA fragment to said first 
DNA fragment; and 

forming a DNA duplex by annealing said first DUA 
fragment and complimentary DNA fragment. 

15 

2* The method of claim 1, wherein said synthesitLng 
steps comprise: 

dividing said DNA fragment Into overlapping sets of 
single-stranded fragments of oligonucleotides, said fragments 
20 being chemically synthesized; 

purifying said oligonucleotides; 

phosphorylating said oligonucleotides on the 5 'end; and 
annealing strands of oligonucleotides together. 

25 3. The method of claim 1, wherein flanking sequences 

are attached to said duplex DNA. 

4. The method of claim 1, further comprising the 
incorporation of restriction endonuclease recognition sites into 

30 said synthetic gene or into a flanking sequence. 

5. A method of cloning the synthetic gene of claim 1 
into an expression vector, comprising the steps of: 
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(a) isolating the double stranded DNA encoding the 
gene in linear duplex form; 

(b) cleaving an expression vector with a restriction 
endonucleaee; 

5 (c) joining said gene-containing linear duplex DNA 

with said expression vector; and 

(d) transforming the DNA of step (c) into an 
expression host. 

10 6. The product of the process of claim 5. 



7. A method of expressing the gene of claim 1/ 
comprising the step of: 

(a) cloning the gene into an expression vector; 
15 (b) growing the host cells containing the gene cloned 

into the expression vector , under conditions that induce the 
synthesis of ths gens product in acceptable quantities; 
{c) purifying the gene product from said cells. 

20 8. An ioomunotoxin comprising: 

(a) the product of the process of claim 7; and 
{b> an antibody conjugated to said product. 



9. The method of claim 7 further comprising the step 
25 of determining the gene product by SOS gel electrophoresis, Western 

blot analysis, activity assay or other suitable means. 



10. The product of the method of claim 7. 



30 11* The process of claim 1, wherein the triplet codons 

are selected to provide expression in a suitable bacterial host. 



12. The process of claim 11, wherein said host is 
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13, * The product of the process of claim 11. 

14. The process of claim 1, wherein the triplet codona 
are selected to provide expression in a suitable fungal host. 



15. The product of the process of claim 14. 

16. The process of claim 14, wherein the host is 

yeast. 

17. The process of claim 1, wherein the codons are 
selected to provide expression in mammalian cells. 

18. The product of the* process of claim 17. 

19. The process of claim 1, wherein the codons are 
selected to provide expression in insect cells. 

20. The product of the process of claim 19* 

21. The process of claim 1, wherein the codons are 
selected to provide expression in plant cells. 

22. The product of the process of claim 21. 

23. The process of claim 1/ wherein all of the 
oligonucleotides are annealed together in one reaction mixture to 
assemble the gene. 

24. the process of claim 1, wherein the 
oligonucleotides are annealed in blocks, said blocks are 
subsequently annealed and ligated together to form the intact gene. 
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25. The process of claim 1, wherein the gelonin gene 
is constructed by a 3olid phase assembly process comprising the 
steps of: 

a. attaching a synthetic oligonucleotide at or near 
5 one of its ends to a solid phase support material; 

b. washing away excess, unbound oligonucleotide/ 

c. adding a molar excess of oligonucleotide, which 
possesses perfect base sequence complementarity with the 
support-bound oligonucleotide, throughout part or all of its 

10 length, and annealing the strands together to form a duplex 

DNA structure/ then washing away excess, unbound 
oligonucleotide; 9 

d. repeating step c until $he entire gene has been 
assembled) 

15 e. treating the assembled gene with DNA ligase to 

form an intact duplex ON A; and 

f . releasing the synthetic gene from the support with 
a restriction enzyme or other suitable means. 

20 26. Synthetic DNA containing a sequence of nucleotides 

coding for a protein gelonin or for a polypeptide which inhibits 
cellular protein synthesis but does not bind to a cell surface 
receptor. 

25 27. The synthetic DNA of claim 26, wherein said 

nucleotide sequence is SSQ ID NO. 1 and fragments and derivatives 
thereof . 

28. ' The synthetic DNA sequence of claim 27 wherein 
30 said DNA sequence inhibits cellular protein synthesis but does not 

bind a cell surface receptor. 

29. An expression vector containing a DNA of claims 26 

or 27. 
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30. The vector of claim 29, wherein said vector is 

PKK223-3. 

31. The vector of claim 29, wherein said vector is 
pKC30 or one of its derivatives. 

32. A host cell containing and capable of expressing 
a recombinant DNA molecule of claims 26 or 27. 

33. The host of claim 32 wherein said host is selected 
from the group consisting of bacteria, fungi , insect cells, animal * 
and plant hosts. 

34* The host of claim 32, wherein said host is 
selected from the. group consisting of strains of E.Coli, 
Pseudomonss, S&cillas and yeast. 

35. The host of claim 32 wherein said host is selected 
from the group consisting of mouse, swine, and human tissue cells. 

36. The host of claim 34, wherein the E.Coli is E.Coli 

JM105 . 

37. The synthetic DNA of claim 27, wherein said DMA 
sequence is operatively linked to an expression control sequence. 

38. The synthetic DNA of claim 37 wherein said 
expression control sequence controls the expression of genes of 
proxaxyotic or eukaryotic ceils or their viruses. 

39. The synthetic DNA of claim 37, wherein said 
expression control sequence is selected from the group consisting of 
an early promoter SV40, a late promotor SV40, a lac system, a TAC 
system, a TRC system, a TRP system, major operator and promoter 
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regions of phase lambda, control regions of fd coat protein and 
combination thereof. 

40. The synthetic DNA of claim 27, further comprising 
5 fusing said gene to a DMA sequence encoding a polypeptide domain 

that binds specifically to a cell surface receptor present on 
selected target cells. 

41. A process for producing the synthetic ONA sequence 
10 of claim 26, comprising the steps of: 

a. designing a double- stranded SNA fragment 
containing a sequence of three base codons corresponding to 
the primary amino acid sequence determined from purified 
gelonin protein so that said DNA sequence has features that 

IS facilitate synthesis, cloning, expression, functioning, or 

biochemical manipulation of the gene; 

b. designing, synthesizing/ purifying, the 5'~ 
phosphorylating a set of synthetic oligonucleotides which are 
capable of being linked together to assemble the synthetic 

20 gene; 

c. annealing' and ligating the oligonucleotides 
together to assemble the synthetic gene; 

42. A process of producing the synthetic DNA sequence 
25 of SBQ ID NO. 1 and fragments and derivatives thereof of claim 27 

comprising: 

a, designing a double-stranded DNA fragment 
containing a sequence of three base codons corresponding to 
the primary amino acid sequence determined from purified 

30 gelonin protein so that said DNA sequence has features that 

facilitate synthesis, cloning, expression, functioning, or 
biochemical manipulation of the gene; 

b. designing, synthesizing, purifying, the 5'* 
phosphorylating a set of synthetic oligonucleotides which are 
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gene? 

c. annealing and li gating the oligonucleotide* 
together to assemble the synthetic gene; 

5 

43. An immunotoxin comprising: 

<a) the product of the process of claim 42 and 

(b) an antibody conjugated to said product* 

10 44. A process for producing, cloning and expressing a 

synthetic gene encoding gelonin,, comprising the steps of: 

a. designing a double-stranded DNA fragment 
containing a sequence of three base codone corresponding to 
the primary amino acid sequence determined from purified 

15 , gelonin protein so that said DNA sequence has features that 

facilitate synthesis, cloning, expression* functioning, or 
biochemical manipulation of the gene; 

b. designing, synthesizing, purifying, the 5'- 
phosphorylating a set of synthetic oligonucleotides which are 

20 capable of being linked together to assemble the synthetic 

gene; 

c. annealing and ligating the oligonucleotides 
together to assemble the synthetic gene; 

d. ligating the synthetic gene together with a 
25 suitable cloning vector; 

e« determining the nucleotide sequence of the cloned 
gene to verify the correctness of the gene; 

f. conducting site-directed mutagenesis to correct 
any undevised mutations in the cloned gene; 
30 g. eubcloning the gene into a suitable expression 

vector; 

h. introducing the expression vector bearing the 
synthetic gelonin gene into a suitable expression host; 
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i. growing the expression host bearing the gelonin- 
expression vector under conditions suitable for production of 
the gelonin product; and - 

j . isolating and purifying the gelonin from cells 
expressing the gene. 

45. An iramunotoxin comprising: . 

(a) the product of the process of claim 44; and 

(b) an antibody conjugated to said product* 



46. A method for verifying the accuracy of the 
assembled and cloned gene of claim 1, further comprising the steps 
of: 

(a) isolating vector DNA bearing the gene of claim 1; 
15 (b) sequencing the gene-bearing vector DMA; and 

(c) repeating steps a and b with a multiplicity of 
clones until a clone containing the desired DNA sequence has 
been identified. 

20 47. A method for correcting mutations arising in the 

cloned gene of claim 1 by site-directed mutagenesis, further 
comprising the steps oft 

(a) isolating the DNA of said mutation-containing 

gene ; 

25 (b) annealing the mutation-containing DMA strand with 

a synthetic corrective oligonucleotide primer spanning a site 
of said mutation and containing a correct DNA sequence; 

{C) elongating the corrective oligonucleotide primer 
annealed to said muttion-bearing template strand by action of 

30 * DHA polymerase; 

(d) introducing the DNA product of step c ^nto an 
appropriate hoet cell by transf action or transformation? 

(«) isolating vector DNA; and 
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(f) subclaning the corrected gene into an expression 



WO 93/05168 ^ 9 PCT/US92/07066 

AMENDED CLAIMS 

[received by the International Bureau on 18 January 1993 (18.01.93); 
original claim 38 cancelled; original claims 5,9,11,14,26,28,32,34,36, 
37,39,44 and 46 amended; remaining claims unchanged; claims 39-47 
renumbered as claims 38-46 (9 pages)] 

1. A method of producing a synthetic gene encoding 
gelonin, comprising the steps of: 

designing a first DNA fragment containing the sequence 
5 coding for gelonin, wherein said sequence contains a three base 

codon triplet for each amino acid in the gelonin sequence, said 
triplet is selected from the group of triplets coding for each amino 
acid to maximize expression, manipula r , on or stability of the DNA 
fragment in an expression vector synthesizing said first DNA 

10 fragment; 

synthesizing a complimentary DNA fragment to said first 

- r DNA fragment; and 

forming a DNA duplex by annealing said first DNA fragment 
and complimentary DNA fragment. 

15 

2. The method of claim 1, wherein said synthesizing steps 

comprise: 

dividing said DNA fragment into overlapping sets of single- 
stranded fragments of oligonucleotides, said fragments being 
20 chemically synthesized; 

purifying said oligonucleotides; 

phosphorylating said oligonucleotides on the 5' end; and 

annealing strands of oligonucleotides together. 

25 3, The method of claim 1, wherein flanking sequences are 

attached to said duplex DNA. 

4. The method of claim 1, further comprising the 
incorporation of restriction endonudease recognition sites into said 
30 synthetic gene or into a flanking sequence. 



5. A method of cloning the synthetic gene of claim 1 into 
an expression vector, comprising the steps of: 
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(a) isolating the double stranded DNA encoding the gene 
in linear duplex form; 

(b) cleaving an expression vector with a restriction 
endonuclease; 

5 (c) joining said gene-containing linear duplex DNA with 

said expression vector. 

6, The product of the process of claim 5. 



10 7. A method of purifying the gene of claim 1, comprising 

the step of: 

(a) cloning the gene into an expression vector; 

(b) growing the host cells containing the gene cloned into 
the expression vector, under conditions that induce the synthesis 

15 of the gene product; 

(c) purifying the gene product from said cells. 



8. An immunotoxin comprising: 

(a) the product of the process of claim 7; and 
20 (b) an antibody coiyugated to said product 

9. The method of claim 7 further comprising the step of 
determining the gene product by SOS gel electrophoresis, Western blot 
analysis and activity assay. 



25 



10. The product of the method of claim 7. 



11. The process of claim 1, wherein the triplet codons are 
selected to provide expression in a bacterial host 

30 

12. The process of claim 11, wherein said host is 
Escherichia coli 
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13. The product of the process of claim 11. 

14. The process of claim 1, wherein the triplet codons are 
selected to provide expression in a fungal host. 

15. The product of the process of claim 14. 

16. The process of claim 14, wherein the host is yeast. 



10 17. The process of claim 1, wherein the codons are selected 

to provide expression in mammalian cells. 

18. The product of the process of claim 17. 

15 19. The process of claim 1, wherein the codons are selected 

to provide expression in insect cells. 

20. The product of the process of claim 19. 

20 21. The process of claim 1, whereiii the codons are selected 

to provide expression in plant cells. 

22. The product of the process of claim 21. 

25. 23. The process of claim 1, wherein all of the 

oligonucleotides are annealed together in one reaction mixture to assemble 
the gene. 

24. The process of claim 1, wherein the oligonucleotides 
30 yare annealed in blocks, said blocks are subsequently annealed and ligated 
together to form the intact gene. 
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25. The process of claim 1, wherein the gelonin gene is 
constructed by a solid phase assembly process comprising the steps of: 
a. attaching a synthetic oligonucleotide at or near one of 
its ends to a solid phase support material; 
5 b. washing away excess, unbound oligonucleotide; 

c. adding a molar excess of oligonucleotide, which 
possesses perfect base sequence complementarity with the support- 
bound oligonucleotide, throughout part or all of its length, and 
annealing the strands together to form a duplex DNA structure, 
10 then washing away excess, unbound oligonucleotide; 

4 repeating step o until the entire gene has been 
assembled; 

e. treating the assembled gene with DNA ligase to form 
an intact duplex DNA; and 
15 , £ releasing the synthetic gene from the support with a 

restriction enzyme or other suitable means. 

26. The synthetic DNA of claim 1 containing' a sequence 
of nucleotides coding for a protein gelonin or for a polypeptide which 

20 inhibits cellular protein synthesis but does not bind to a cell surface 
receptor. 

27. The synthetic DNA of claim 26, wherein said 
nucleoside sequence is SEQ ED NO. 1 and fragments and derivatives 

25 thereof 

28. The synthetic DNA sequence of claim 27 wherein said 
DNA sequence encodes a protein which inhibits cellular protein synthesis 
but does not bind a cell surface receptor. 

30 

29. An expression vector containing a DNA of claims 26 

or 27. 
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30. The vector of claim 29, wherein said vector is 

pKK223-3. 

31. The vector of claim 29, wherein said vector is pKC30 
5 or one of its derivatives. 

32. A host cell containing and expressing a recombinant 
DNA molecule of claims 26 or 27, wherein said host cell comprises a 
vector comprising the following elements linked sequentially at 

10 appropriate distances for allowing functional expression of DNA: a 
promoter; signal sequence elements; and a DNA sequence encoding 
gelonin. 

33. The host of claim 32 wherein said host is selected from 
15 the group consisting of bacteria, fungi, insect cells, animal and plant hosts. 

34. The host of claim 32, wherein said host is selected 
from the group consisting of strains of E. coli, Pseudomonaa, Bacillus and 
yeast 

20 

35. The host of claim 32 wherein said host is selected from 
the group consisting of mouse, swine, and human tissue cells, 

36. The host of claim 34, wherein the E. coli is E. cgli 

25 JM10& 

37. The synthetic DNA of claim 27, wherein said DNA 
sequence is operatively linked to an expression control sequence which 
controls the expression of genes of prokaryotic or eukaryotic cells or their 

30 viruses. 

38. The synthetic DNA of claim 37, wherein said 
expression control sequence is selected from the group consisting of an 
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early promoter SV40, a late promotor SV40, a loc system, a TAC system, 
a TRC system, a TRP system, major operator and promotor regions of 
phage lambda and control regions of fd coat protein. 

5 39. The synthetic DNA of claim 27, further comprising 

fusing said gene to a DNA sequence encoding a polypeptide domain that 
binds specifically to a ceil surface receptor present on selected target cells. 

40. A process for producing the synthetic DNA sequence 
10 of claim 26, comprising the steps of: 

a. designing a double-stranded DNA fragment containing 
a sequence of three base codons corresponding fo the primary 
amino acid sequence determined from purified gelonin protein so 
that said DNA sequence has features that facilitate synthesis, 

15 cloning, expression or biochemical manipulation of the gene; 

b. designing, synthesizing, purifying, the 5'- 
phosphoryiating a set of synthetic oligonucleotides which are 
capable of being linked together to assemble the synthetic gene; 

c. annealing and ligating the oligonucleotides together to 
20 assemble the synthetic gene. 

4L A process of producing the synthetic DNA sequence of 
SEQ ED NO. 1 and fragments and derivatives thereof of claim 27 
comprising: 

25 a. desigmngadoiible-strandedDNAfragmentcontaining 

a sequence of three base codons corresponding to the primary 
amino acid sequence determined from purified gelonin protein so 
that said DNA sequence has features that facilitate synthesis, 
cloning; expression or biochemical manipulation of the gane; 

30 b. designing, synthesizing, purifying, the 5'- 

phosphorylating a set of synthetic oligonucleotides which are 
capable of being linked together to assemble the synthetic gene; 
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c. annealing and ligating the oligonucleotides together to 
assemble the synthetic gene. 

42. An immunotoxin comprising: 

5 (a) the product of the process of claim 41 and 

(b) an antibody conjugated to said product. 

43. A process for producing, cloning, expressing and 
purifying a synthetic gene encoding gelonin, comprising the steps of: 

10 a. designinga double-stranded DNA fragment containing 

a sequence of three base codons corresponding to the primary 
amino acid sequence determined from purified gelonin protein so 
that said DNA sequence has features that facilitate synthesis, 
cloning, expression or biochemical manipulation of the gene; 

15 b. designing, synthesizing, purifying and 5'* 

phoaphorylating a set of synthetic oligonucleotides which are 
capable of being linked together to assemble the synthetic gene; 

c. annealing and ligating the oligonucleotides together to 
assemble the synthetic gene; 

20 d. ligating the synthetic gene together with a suitable 

cloning vector; 

e. determining the nucleotide sequence of the cloned 
gene to verify the correctness of the gene; 

f. conducting site-directed mutagenesis to correct any 
25 undesired mutations in the cloned gene; 

g. subcloning the gene into an expression vector; 

h. introducingthe expression vector bearing the synthetic 
gelonin gene into an expression host, wherein said host cell 
comprises a vector comprising the following elements linked 

30 sequentially at appropriate distances for allowing functional 

expression of DNA: a promoter, signal sequence elements; and a 
DNA sequence encoding gelonin; 
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i. growing the expression host bearing the gelonin- 
expression vector under conditions suitable for production of the 
gelonin product; and 

j. isolating and purifying the gelonin from cells 
5 expressing the gene. 



10 



44* An immunotaxin comprising: 

(a) the product of the process of claim 43; and 

(b) an antibody conjugated to said product 



45. A methcd for verifying the accuracy of the assembled 
and cloned gene of claim 1, further comprising the steps of: 

(a) isolating vector DNA bearing the gene of claim 1; 

(b) * sequencing die gene-bearing vector DNA; and 

15 (c) repeating steps a and b with a multiplicity of clones 

until a clone containing the desired DNA sequence has been 
identified and the accuracy of the assembled and cloned gene is 
verified. 

20 46. A method for correcting mutations arising in the 

cloned gene of claim 1 by site-directed mutagenesis, further comprising the 
steps of: 

p (a) isolating the DNA of said mutation-containing gene; 

(b) annealing the mutation-containing DNA strand with 
25 a synthetic corrective oligonucleotide primer spanning a site of said 

mutation and containing a correct DNA sequence; 

(c) elongating the corrective oligonucleotide primer 
annealed to said muttion-bearing template strand by action of a 
DNA polymerase; 

30 (d) introducing the DNA product of step c into an 

appropriate host cell by transfection or transformation; 
(e) isolating vector DNA; and 
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, (f) subcloning the corrected gene into an expression 
vector. 
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